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PREFACE 

This volume is intended to serve as an elementary introduction 
to Science. It supplies such a knowledge of the facts ^nd laws 
of Nature as is implied in the expressive term Physische Erd- 
kimde — an acquaintance with the physical phenomena of the 
earth. 

The treatment is somewhat fuller than that adopted in some 
elementary books, as I believe that a meagre account, with a 
single figure, of such a subject as Volcanoes, for example, only 
leads to inaccurate and confused ideas. Numerous illustra- 
tions and maps have been introduced, as an aid both to the 
understanding and memory. Some of these have been drawn 
expressly for the book, while others have been derived from 
Rutley’s “Study of Rocks Helmholtz’s “Scientific Lectures ; ” 
Thorpe and Muir’s “ Qualitative Analysis ; ” Peschel and 
Leipoldt’s “ Physische Erdkunde ; ” Haughton’s “ Lectures 
on Physical Geography;” Ganot’s “Physics;” Jago’s “Che- 
mistry ; ” Reynolds’s “ Chemistry ; ” “ Challoigcr Reports,” vol. 
xvi. ; Chisholm’s “ Geography ; ” Treglohan’s “ Magnetism ; ” 
Ball’s “ Astronomy ; ” Brinkley’s “ Astronomy ; ” Proctor’s 
“ Seasons.” The various instruments and apparatus regarded 
as indispensable by the Science Department, as well as others 
that are necessary for effective teaching, have been carefully 
described. The teacher is advised to make his lessons as 
much experimental as possible. Specimens of the various 
rocks and minerals may be obtained from several London 
dealers, and the pupils will readily gather a number of the 
commoner ones for themselves. 

For some information on the Ordnance Survey aiid its maps 
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Preface. 

I am indebted to Lieutenant-Colonel T. P. White, R.E., 
Executive Officer of the Survey. 

Among the books consulted in the preparation of this work 
may be mentioned Ganot’s “Physics;” Professor Ball’s 
“Elements of Astronomy;” Dr. A. Geikie’s “Text-Book of 
Geology ; ” the treatises on “ Physical Geology ” by Professor 
Prestwich and Professor Green ; “ Histoire Naturelle des 
Pien-es et des Terrains,” by Meunier; “Volcanoes,” by Pro- 
fessor Judd; “ Elementary Meteorology,” by R. H. Scott ; and 
the two volumes of the “ Challoiger Reports,” entitled “ Narra- 
tive of the Cruise, with a General Account of the Scientific 
Results of the Expedition.” Other obligations are acknowledged 
in the pages of the book. 

In conclusion, I beg to express my thanks to two or three 
friends for some assistance in reading over the proof-sheets. 

JOHN THORNTON. 

Albert Place, Bolton, 

February y i88S. 



PREFACE TO TENTH EDITION 


Considerable changes have been made in this edition in 
order to adapt the book to the present Syllabus of the Science 
and Art Directory. The earlier part, covering Section 1. of 
the Syllabus, has been almost entirely rewritten and supplied 
with many new illustrations. A fuller and more detailed treat- 
ment of this portion will be found in my ‘‘ Elementary Prac- 
tical Physiography, Section I.” In the portion of the book 
that deals with Section II. of the Syllabus, many small improve- 
ments and alterations have been effected, while those parts of 
the former editions that are not now needed have been omitted. 
It is hoped that tlie book in its new and improved form will 
prove itself as helpful and trustworthy as it did before. 

For many useful suggestions and much valuable help I 
have been indebted to my son, Mr. A. L. Thornton, B.Sc. 

The new coloured map has been derived from Longmans’ 
New Atlas. 

Bolton, 

October 2 , 1899 . 
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ELEMENTARY PHYSIOGRAPHY 


INTRODUCTION. 

Physiography (Gr. phusisy nature ; and graphOy I wiite), 
according to its derivation, is a Description of Nature. The 
, wprd Nature is used in several meanings, but in this connection 
it may be taken to stand for the general system of created 
things, including their constitution and properties. All the 
objects and facts belonging to this material world on which we 
live, as well as the objects and facts belonging to the other 
worlds that occupy space, are included in the word “ Nature.” 
Hence we may say that the word “ Nature” stands for the world 
and all upon it, or even for the universe. The sun, moon, and 
^ stars; the sky, the clouds, and the wind; the sea, the shore, 
and the rocks ; the mountains, plains and valleys, plants and 
animals, are all comprised in the tenn Nature ” or “ Natural 
Objects.” Even what are called Artificial Objects are only 
natural things shaped and altered by the art of man. 

By the use of our senses and by the action of our mind 
we learn what the different objects of the world are, and what 
are the different properties or qualities that these objects possess. 
In this way we arrive at ideas of cause and effect ; for we say 
that such an object is the cause of the sensation or effect that 
we observe. The fall of a stone when unsupported, and the 
formation of a cloud in the air, are effects, and it is our aim to 
find out the cause or reason of these phenomena. (The Greek 
word phenomenon^ plural phenomena^ is used to signify appear- 
ance, object, or occurrence.) We have all a tendency to 
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2 Elementary Physiography, 

seek"* after causes, and when we have discovered the cause or 
reason of any frequently occurring phenomena we are said to 
have explained them* This explanation or statement of the 
general cause of certain effects is often called a Law of Nature. 
Thus it is a law of nature that an unsupported body falls to 
the ground ; it is a law of nature that at the ordinary summer 
temperature of the air water is a liquid, but that when the 
temperature falls below a certain point it becomes a solid. 
Accurate and systematic knowledge of the various laws of 
nature forms what is called Science ; and this is acquired by 
careful observation, experiment, and reasoning. 

Now, the study of nature is a very wide and extensive study, 
and although all knowledge is connected, yet for the sake 
of convenience it is divided into various branches or depart- 
ments, Among these branches or sciences we have physics^ 
astronomy y chemistry ^ geology y and biology. The physical sciences 
are often spoken of under the term Natural Philosophy, and 
embrace jncchanicsy which treats of force and motion, and the 
sciences of heaty light y electricity y and fnagnetism. Ast7V?iomy 
is the science which treats of the heavenly bodies, and among 
•other things gives an account of the earth as a member of 
the solar system \ chemistry deals with the composition of sub- 
stances and the combinations of different kinds of matter; 
geology furnishes information regarding the arrangement and* 
liistory of the materials forming the crust of the earth ; while 
biology or natural history gives an account of the phenomena 
of life both vegetable and animal, the account of vegetable life 
constituting the science of botany y and the account of animal 
life being called zoology. 

It' is plainly impossible to give in one small book anytliing 
like a complete account of these different sciences. But we 
can endeavour to learn some of the most important facts and 
laws from those that come under our daily notice. Such a 
rudimentary course of instruction in science, such a general 
description and explanation of common natural phenomena, is 
wdrat is meant by Elementary Physiography. 



CHAPTER I. , 

MATTE AND ITS PROPERTIES, 


I. Matter and Quantity of Matter. — That which under 
suitable circumstances is able to excite several of our sense- 
organs at the same time is called matter. The name “ matter ” 
is given to anything that possesses weight, and to anything 
that can receive or communicate motion. As all matter takes 
up a certain amount of room, it may be defined as follows : — 
Matter is that^which ocmpies space exclusively. 

The property of occupying a portion of space is called 
extension ; the property of occupying a certain portion of space 
to the exclusion of all other matter is called impenetrability. 
This property of impenetrability is shown by the inability of 
one body to enter into the space occupied by another. 


Expei-immt i.— Press an “ empty ” glass cylinder or a tumbler mouth 
rxf and it will be noticed that the water 


downwards into a vessel of winter, 
enters but little, owing to the in- 
visible matter called air occupying 
the space. Tilt the cylinder to 
one sitle while the mouth is still 
under water, and notice that as 
the air escapes in bubbles the 
water then enters. Now fill the 
cylinder with the water in the 
vessel by letting the air escape. 
Lift it upright so os to keep its 
mouth just below the level of the 
water in the larger vessel, and it 
will be noticed dmt the water 
remains in the cylinder, being 
kept there by the pressure of the 
atmosphere on the exposed water- 



FiG. I.— Air is matter aii<l occupies space. 


67)“ cylinder filled with au- or pother 

space at the same time. 
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%. substance is a definite kind of matter, eg gold, wax, 
milk, coal-gas, etc. Each substance or material has properties 
which distinguish it from all others, besides the genei'al pro- 
perties possessed by all matter. 

A body is a separate limited portion of matter, eg, a penny, 
a chair, a drop of oil, an air-bubble, etc. 

Bodies, even when made of the same substance, may con- 
tain different quantities of matter. The word mass is used to 
indicate tJic quantity of matter in a body. Bodies may also 
differ in the amount of space they occupy. The space which 
a body occupies is called its volume. 

A cannon-ball and a bullet are two different bodies that 
may be made of the same substance. Their masses, however, 
are different, and so are their volumes. Bodies may have the 
same volume, but different masses. A ball of dough equal 
in volume to the cannon-ball has a less mass — that is, contains 
a smaller quantity of matter. An equal volume of air would 
have a smaller mass tlian either. The masses of bodies are 
often compared by comparing their weights, 'isince weight 
increases or diminishes just in proportion to the increase or 
decrease of mass at any one place on the earth. This is 
expressed by saying that the masses of bodies are in proportion 
fo^ or vary as^ their weight. But mass is not the same as 
weight. The mass of a body is the quantity of matter in a 
body j the weight is the force with which the earth attracts a 
body. If the earth had less attractive force, a body would 
have less weight, but its mass or quantity of matter would 
remain the same (see also par. 17). 

2. The Structure of Matter, — All bodies possess tlie 
property of divisibility^ that is, they can be subdivided into 
very small parts more or less easily by such mechanical mean.s 
as pounding, filing, etc. Gold can be beaten out into leaves so 
thin that 300,000 leaves together are only an inch thick, while 
platinum wire has been obtained of an inch in 

diameter. In chemistry, however, it is necessary to consider 
particles or very small parts much smaller than any that can 
be obtained by mechanical means. These very small parts are 
called molecules (Lat. molecula^ a little mass). A molecule may 
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be defined as “ the smallest part of a substance that possesses 
the properties distinguishing that substance from others.” All 
matter has a 7 nolecular structure. 

Now, the molecular structure of matter is not continuous, as 
there are in all cases spaces between the molecules called 
“ pores,” and these spaces may be occupied by other matter, or 
allow other matter to pass through. In some bodies, as sponge, 
piunice-stone, and blotting-paper, the pores are large enough to 
be seen ; but in other bodies, as iron, gold, etc.y the pores are 
too minute to be detected by ordinary means. By squeezing 
and hammering a hollow globe of silver filled with water, the 
liquid has been made to ooze through. A mixture of 27 parts 
of water and 23 parts of alcohol by volume occupies 48*8 parts, 
showing that some molecules of one liquid have found spaces 
between those of the other. 

In ordinary language, however, only thos6 bodies are said 
to be porous that have “sen- 
sible pores,” 

The property of porosity 
IS made use of in the process 
of filtration. A filter is any 
body with pores large enough 
to let a liquid pass through 
without any extra pressure, 
but small enough to keep 
back the small solid particles 
suspended in the liquid. Un- 
sized paper, fine muslin, char- 
coal, or layers of sand may 
be used as filters. Deep well 
water is clear because it has 
been filtered through porous 
rock. ^ 

Experiment 2. — Obtain some 
muddy water, or water with any 
kind of small solid particles in suspension. Now take a circular piece of tlie 
unsized paper, called filter-paper, and, after folding it twice, open it out into 
a cone so that three folds of the paper are on one side and one fold on the 
other. ^Now place it in a glass funnel, and pour the liquid on the filter 



Fig. a.— Method of filtering to remove 
matter in suspension. 
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down a glass rod. All the solid particles in suspension are removed and 
left behind on the filter-paper, while the liquid runs through the pores of the 
paper and comes out clear. The clear liquid that comes through a filter- 
paper is called the filtrate. It must be carefully noted that a filter will not 
keep back matter that is dissolved in a liquid. Salt water when passed 
through a filter-paper still remains salt, and ink so treated still keeps 
its colour. 

3. TI10 Three States of Matter. — Substances and bodies 
exist in three forms (states), loiown as solids, liquids, and gases. 
Thus water is a liquid at ordinary temperatures. On being 
cooled it may be made to pass into ice, a solid; on being 
heated it may be made to pass into an invisible state called 
steam. Real steam is invisible. It has partially condensed into 
very fine water-particles when it becomes visible as a white cloud. 

Both liquids and gases are included under the term fluids 
{fij^t.fluoy to flow), as they can be made to flow from one vessel 
to another. Hence the states of aggregation in which bodies 
exist may be thus represented : 

Bodies 

Solids Fluids 

I 

I I 

Liquids Gases 

We uow proceed to define and distinguish each state of 
matter. 

A solid is a body that has a definite shape and that ofipers 
resistance to change of shape. Resistance to change of shape 
is termed rigidity. Solids, therefore, may be defined as bodies 
that possess rigidity to a considerable extent. 

A fluid is a body that offers little or no resistance to change 
of shape, and that flows more or less easily. 

A liquid is a practically incompicssilde fluid whose free surface 
is horizontal. 

A perfect liquid has no rigidity and offers no appreciable 
resistance to change of shape. Many liquids, however, offer 
some resistance to flow, and are said to be mscous or to pos- 
sess viscosity. Such liquids as honey, treacle, and pitch have 
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considerable viscosity, while alcohol and ether are more mobile 
than water. A substance like sealing-wax may be regarded as 
a semi-solid or as a very viscous fluid. A stick of sealing-wax 
supported at its two ends only gradually flows, as it slowly bends 
under its own weight. On heating, its liquid condition, as 
shown by its increased power to flow, becomes more marked. 
A soft solid like jelly undergoes its change of shape under the 
action of a force, all at once. 

A gas is a very compressible fluids and any portion^ however 
small^ will spread itself out into any space. 

Gases take not only the shape of the containing vessel, as 
liquids do, but the size of the containing vessel, however large 
this may be. 

Expen7twit %.--Oh\gvi\ in different vessels some softened pitch, some 
treacle, some water, and some ether. Compare their consistency or degree 
■ of viscosity by shaking each vessel and by noting which flows least readily. 
The pitch will be seen to be the most viscous, and the ether the most 
mobile. 

Change of State. — The same substance or kind of 
matter can exist in all three states. As already noted, ice, 
liquid water, and true steam are only different states or forms 
of the same substance. Solid sulphur may be turned by heat 
into a yellow liquid. On continuing the supply of heat, the 
liquid darkens in colour and then gives off a gas that will 
burn. 

The transition from one state to another is sometimes gradual 
and sometimes sudden. 

Experiment 4.— Obtain a few crystals of the dark solid substance called 
iodine, and place these in a clean dry flask. Now heat the flask over the 
flame of a Bunsen burner, and noUce the bright purple gas or vapour 
which soon fills .the flask. On allowing the vapour to cool, minute solid 
crystals form on the sides of the vessel, the intermediate state being un- 
noticeable. 

Even solid metals like lead and iron are gradually changed 
into liquids by the heat of a furnace, and at very high tempera- 
tures tliey are converted into gases. Gaseous iron is knowm to 
exist in the sun. 

^ A vapour is the gas of a substance that is a solid or liquid at ordinary 
tempo«iturcs. 
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Change of volume usually accompanies change of state. 
With few exceptions, a liquid occupies a greater volume than 
the solid from which it is derived, and a gas always occupies a 
greater volume than the liquid from which it was formed 

4. Cohesion. — In many bodies force is necessary in order 
to draw its parts asunder. The force that thus holds the small 
particles or molecules of a body together is spoken of as the 
force of cohesion. If we break a stone or other solid body 
into parts, we overcome cohesion. On trying to press together 
the parts so as to make them unite again into one body, we 
usually fail, for we cannot get the parts sufficiently close to 
make them cohere. Cohesion acts only when the particles 
are at insensible distances apart. It is spoken of as a mole- 
cular force. 

As just stated, ordinary pressure usually fails to get the 
parts sufficiently close to make them cohere. A piece of lead 
cut in two may, however, be made to unite again by pressing 
strongly together the two freshly cut surfaces. But two pieces 
of iron cannot be made to cohere thus, unless they are softened 
by heat and then hammered together. In the process of 
welding cohesion is thus brought into actioh. 

In general, cohesion is most powerful among the particles 
of solid bodies. It acts weakly, but to some extent in liquids, 
as is evident by the formation of drops. It 
is entirely wanting in elastic fluids, as air 
and other gases, for in them the molecules 
axe moving freely and rapidly in all direc- 
tions. The most powerful influence tliat 
opposes the force of cohesion is heat, as is 
shown in the change of a solid to a liquid, 
and of a liquid to a gas. 

5. Gravitation and Weight. — A body 
which lies upon the hand exerts a down- 
ward pressure upon it. If the hand be 
quickly removed, the body falls straight 
down to the ground, and force is required to raise it agam. 
If the body be hung at the end of a string, the string is made 
to hang directly downwards To account for these facts, we 
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say that the earth draws or attracts the body with a force that is 
directed towards its centre. The force which draws all bodies 
on or near the surface of the earth towards its centre is called 
terrestrial gravity^ or simply gravity. The direction in which 
the force acts is called vertical^ and a direction at right angles 
to the vertical is called horizontal. 


The pressure exerted by any body in consequence of the 
gravitational force of the earth is called the weight of the body. 
Moreover, if we break a body into very small parts, each of 
these small parts exerts a downward pressure and falls verti- 
cally, if free to do so. We therefore conclude tliat gravity 
acts upon the smallest particles or molecules of a body, and 
that every molecule has weight. 

Since weight, therefore, is a general property of matter and 
inseparable from it on the earth, we use weight as a measure 
of the mass or quantity of matter in a body. Hence we 
interpret inct'ease of weight as an addition of matter^ and decrease 
of weight as a loss of matter. 

6, Indestructibility of Matter. — Careful observations and 
experiments have proved that, though matter may be made 
to undergo many changes, yet there is never any destruction 
or annihilation of matter. Nor is there ever any creation of 
matter, i.e. any formation of matter out of nothing. The 


quantity of matter in the universe is 
constant and unchangeable. The truth 
thus stated is known as “ the law of the 
Conservation of Matter.” 

The following experiments illus- 
trate tlie property of the indestructi- 
bility of matter. 

Experiment 5. — Add i nz. of snlt to 6 ozs. 
of water contained in a beaker, and stir. The 
salt passes out of sight, but it is not lost. 
On weighing the solution, it is found to be 
just 7 ozs. If the water be now poured into 
a porcelain basin and heated, it soon evapo- 



rates, and the ounce of salt may be recovered. 

A solid substance in solution may always be thus recovered by the process 
of evaporation, though not by filtration. 

Exp^'iment 6. — Place a piece of ice in a flask. Cork the flask and 
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counterpoise it on a balance. Heat the ice gently. It changes into a 
liquid, but though there is a change of state, there is no loss of matter, for 
the weight remains the same. 

Experiment 7. — When water is “boiled away ” there is no loss of matter. 
It only passes into an invisible vapour. If we condense this vapour, and 
collect uie water thus recovered in the liquid fonn, the weight will be the 
same as before. The experiment may be thus arranged : 



Fig. 5. — Apparatus for condensing- the steam given off by boiling water, i.e, for 
obtaining distilled water. 


A is a stoppered retort, into which a weighed quantity of clean water 
may be placed. Its neck passes into the condenser B. This consists of an 
inner tube, into which the neck of the retort passes, and a wider outer 
tube, surrounding the inner tube, but having no communication with it. 
The inner tube passes on into the receiving flask C. On heating the water 
in the retort, the steam given off passes into the smaller inner tube of the 
condenser. Here it is cooled by the stream of cold water passing through 
the wider outer tube or jacket. This cold stream cannot mix with the 
steam of the inner lube, but flows away by the small tube t that passes from 
the wide tube of tlie condenser. The condensed steam or distilled water 
drops into the receiver C. The loss of weight of water from the retort A 
is just represented by the gain of weight of the receiver C. There is there- 
fore no loss of matter, only a change of fonn, when water is boiled 
away. 

lire w^ater collected in C is pure distilled water. If we placed in A 
water with salt or 'sugar dissolved in it, the water collected in C would 

still be purQ, all tlie dissolved 
matter being left behind dur- 
ing the process of distillation. 
Dastilled w'ater is chemically 
pure. It is quite colourless, 
but insipid. To make it 
suitable for driirking, air must be passed into it, for the dissolved air causes 
it to lose its insipid taste. 

Experiment 8. — Take a small quantity of red phosphorus, and place it 
in a flask or a piece of hard glass tubing (Fig. 6). Close the ve^l, and 
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Weigh it with its contents — phosphorus and air. On heating the vessel, the 
phosphorus ignites, and a white powder is seen as the result of the burning. 
33ut on weighing again there is no change of weight, and therefore neither 
loss nor increase of matter. 

As we shall learn more fully in a later chapter, in all cases 
of burning, the substance burnt is not destroyed, but merely 
enters into combination with the oxygen of the air to form 
other kinds of matter— often invisible gases. But the weight 
of the new substance formed is always equal to the weight of 
the substance burnt flm the weight of the oxygen taken from 
the air (see par. 94). Even in the growth of a tree, we know 
that all the additional matter that it gains conies from eitlier 
the soil or the air, and that these lose just as much as the tree 
gains. In fact, in no process whatever, either natural or 
artificial, is there either gain or loss of matter. 



CHAPTER 11 . 

UNITS OF MEASUREMENT. 


7. Measurement. — The process of measurement consists in 
comparing the quantity to be measured with a known quantity 
of the same kind called the standard, or unit^ so as to find the 
numerical relation between the two quantities. Every measure- 
ment is thus expressed by means of a number and a word 
naming the imit employed, e.g, 12 yards, 25 grams. 

Among the most important kinds of quantity to be measured 
are lengthy area^ volume^ ?nass^ tlme^ and angk. Unfortunately, 
for the first four of these magnitudes a different system of units 
is employed in English-speaking countries from that in use on 
the continent. 

T/ie BHiish Units of Lengthy Area^ and Volnnie . — The 
British standard unit of length is the imperial yard. It may 
be defined as the distance between two marks on a metal bar 
preserved in the Standard Office at London, the distance being 
measured when the hai’ has a temperature of 62° F. Any of 
the subdivisions or multiples of the yard may be used as tlie 
unit when convenient. 

The British unit of area or sutface is derived from the 
linear unit, and called the square yard. It is the area of a 
square each of whose sides is a yard. 

The British unit of volume is a cubic yard, that is, the 
volume of a cube the length of whose edges is one yard. 

Another unit of volume is used as a measure of capacity 
for liquids and dry goods, called the gallon. It may be defined 
as the volume occupied by 10 lbs. (avoir.) of distilled water 
at 62° F. Its subdivisions are termed quarts and pints. It 
will be easily seen tliat “ a pint of pure water weighs a pound 
and a quarter.” (-^ of a pint is called a fluid ounce) 
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It should be noted that there is no simple relation between 
this last unit of volume and the unit of length, for the gallon 
contains 277*274 cubic inches. 

The British unit of 7 nass is called the imperial standard 
pound, or pound avoirdupois. Exact copies of this can be 
obtained, and exact multiples or subdivisions are then made. 
The names of these are given in the table called Avoirdupois 
Weight. The measurement of mass is usually called “ weigh- 
ing,” and the standard masses used are called “ weights.” But, 
as already noted, mass is nob the same kind of quantity as 
weight.^ The mass of a body is the quantity of matter con- 
tained in the body ; the weight of a body is the force exerted 
upon it by the attraction of the earth (gravity). But because 
the weights of bodies are exactly proportional to their masses 
at any one place on the earth’s surface (weight increasing or 
diminishing as mass increases or diminishes), we regard masses 
as equal when their weights are equal, and often use the 
word weight in place of mass. Hence also the pound avoir- 
dupois is often called the unit of weight, 

8. The Metric System. — The Metric system of units is a 
decimal system, in which the various units of measurement are 
all connected with the standard unit of length called the meire^ 
i,e, the standard units of area, volume, capacity, and weight 
are in the metric system all derived from the metre. 

The multiples of each unit in the metric system contain 
that unit either 10, 100, or 1000 times; while the parts or sub- 
multiples of each unit are or joVo The 

decimal multiples of a unit are indicated by the Greek prefixes — 

deca (10) hccto (100) kilo (1000); 

while the decimal parts of a 'unit are denoted by Latin 
prefixes — 

ded (yV or o‘i) centi (y^ or o*oi) niilli or o*ooi). 

The 7netric standard unit of length is the fnetre. It can be 
defined as “ the distance between the ends of a rod of platinum 
made by Borda, and preserved at Paris, the rod being at the 
temperature of melting ice.” Exact copies of this liave been 
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distributed for general use. The advantage of the metre as 
a unit of length is not that the metre itself is a better unit than 
^ the yard, but that its multiples and parts are 

g more easily found and calculated. Thus — 


millimetres make i centimeUe (cm.) 

£ § 10 centimetres ,, i decimetre (dm.) 

cj ^ lo decimetres ,, 1 metre (m.) 

— ^ lo metres ,, i decametre (Dm.) 

10 decametres ,, i hectometre (hm.) 

10 hectometres ,, i kilometre (km.) 

The abbreviations used to denote the 
various measures are indicated in brackets. 
The metre is about 39*37 inches. Fig. 7 
shows a decimetre and its subdivisions side 
— by side with a scale of inches and fractions 
of an inch. It maybe seen that a decimetre 
is scarcely 4 inches long, that a centimetre 
is a little more than § inch (about inch), 
^ and that a millimetre (mm.) is about inch. 
The metric unit of area is a sqiiare metre ^ 
__ that is, a square each side of which is a unit 
of length, i,e, a metre. Hence the table of 
square measure can be obtained by squaring 
each lineal unit. Thus 100 sq. mm. equal 
I sq. cm.; 100 sq. cm. make i sq. dm. ; and 



so on. 

The metric unit of volume is a mhic metre^ 
z — that is, a cube the length, breadth, and height 

<M_ 1 which are each one meti-e. Hence a table 

: of cubic measure can he obtained by cubing 

each lineal unit. Thus — 

~ “ icoo cubic milli- 

r metres (c.mm ) make i cubic centimetre (c. cm. ) 

^ Z I oco cubic centimetres ,, i cubic decimetre (c. dm.) 

— o 1000 cubic decimetres ,, i cubic metre (cb. m.) 


The metric unit of capacity for fluids and dry goods is the 
litre. Its multiples and subdivisions .are named in the same 
way as those of the lineal metre, so that the names, not being 
expressed in words derived from the measime of length, indicate 
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that each unit is but ten times greater than the next smaller 
one. The following is the metric table of capacity : — 

10 millilitres (ml.) = i centilitre. 

10 centilitres (cl.) = i decilitre. 

It) decilitres (dl.) = 1 litre. 

10 litres (lit.) = i dekalitre 

lo dekalitres (Dl.) — l hectolitre. 

10 hectolitres (hi.) = i kilolitre (kh). 

Now, a litre is equal in volume to a cubic decimetre, and 
as a cubic decimetre contains ]ooo cubic centimetres, it is 
easy to express the value of any measure of capacity in cubic 
centimetres. 

The metric wiit of mass or weight (see par. 7) is the weight 
of a cubic centimetre of pure water when at its greatest density, 
and is called a gramme (or gram). From it the larger and 
smaller weights and their names are derived in the same way 
as in the metric table of length. 

10 milligrams (mg.) = i centigram, 

10 centigrams (eg.) = i decigram. 

10 decigrams (dg.) = i gram. 

10 grams (grm.) = i dekagram. 

10 dekagrams (Dg.) = i hectogram. 

10 hectograms (hg.) = i kilogram (kg.). 

It is just as easy to pass from one weight denomination to 
another as in the metric linear measure. Thus 7358*42 grams 
= y35842 kilograms = 7 kg. 3 hg. 5 Dg. 8 grm. 4 dg. 2 eg. 

Our British system of weights is connected with certain 
volumes of water in a complicated way, but in the French the 
relation between a volume of water and its weight is quite 
simpla One gram is the weight of one aMc centimetre of fu?‘e 
water at 4*^ C, (The reason for mentioning this temperature 
vill be understood after reading par. 61.) In a litre there are 
£ooo C.C., and therefore 1000 grams, that is, a kilogram. This 
connection between the units of weight and volume in the 
netric system is cf great service, for the weight of any quantity 
)f water can be at once written down on finding its volume, or 
’iice vers^. 

The gram is the ordinary unit of weight for experiments in 
he laboratory; it is equal to about 15^- grains, or oz. A 
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threepenny piece weighs about r J gram. The unit of weight 
in common life is the kilogram, or kilo^ which is nearly 2J lbs. 
Half a kilogram, or 500 grams, is thus a little more than a pound. 



9. Connection between British and Metric Units. — To 
connect the Metric system of weights and measures with the 
British system, the following two equivalents must be known: — 

I metre = 39*37079 inches. 

I gallon = 277*274 cubic inches. 

As rough equivalents, tire following are useful to remember: — 

I mm. = js in* ^ ^ 

I cm. = ^ in. I gram = ^ oz. i pint = ^ litre. 

I metre = lix yd. i kg. = 2J lbs. i oz. = 2^ grams. 

10. Units of Space and Mass arbitrary. — Both in the 
Metric and the British systems the units for measuring space 
and mass (weight) are quite arbitrary or empirical, for they 
are not derived from any natural object. It was at first thought 
that the metre was a natural unit, as it was supposed to be 
equal to the one ten-millionth part of the distaiice hetwceji the 

‘ noi'th pole a?id the equator measured on the circle of longitude 
passing through Paris. More accurate measurements of this 
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quadrant show that a distance somewhat too small was taken 
in forming the metre, and as the length of the standard metal 
rod has not been altered, the metre is no longer the natural 
unit it was supposed to be. The actual length of this quadrant 
is 10,007,400 metres. 

11. Advantages of the Metric System. 

(1) The various tables of measures and weights are very 
simple and easy to remember. 

(2) The process of reduction becomes quite simple, as it 
only consists of multiplying or dividing by 10 or some power 
of 10. 

(3) The “compound^’ rules disappear. 

(4) The relative sizes of the different units are easily 
understood, and there is only a simple relation between the 
unit of volume and the unit of mass (i c.c, of water weighs 
I gim). 

It may, however, be remarked that as the foot contains 
.13 inches, it can be exactly divided into halves, quarters, 
thirds, and sixths, while the number 10 is exactly divisible 
only by 2 and 5. 

12. The Unit of Time. — The unit of time adopted in 
civilized countries is the niean solar second. This may be 
regarded as a natural unit, as it is the g-Q^u-o of a mean 
solar day, and depends on the rotation of the earth. A mcaii 
solar day is the average interval of time tliat elapses between 
two successive passages of the sun across a meridian (see 
par. 263). The Table of Time may be thus given : 

60 seconds (sec.) make i minute. 

60 minutes (min.) ,, i hour. 

24 hours (hr.) ,, i day. 

Clocks and watches moved by a pendulum or by a coiled 
spring are made and regulated so as to keep mean solar time. 

A simple pendulum is merely a small weight suspended 
by a fine flexible string from a fixed point, so tliat it can 
vibrate or saving backwards and forwards, 

^xpenment 9. — To make a “seconds pendulum,” i,e. a pendulum whicli 
swin^ from its highest point on one side to its highest point on the other 
side in a second, we need only a length of fine cotton and a small lead 

* C 
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Sphere into which, a hook is fastened. Clamp the thread tightly between 
two fixed blocks of wood so as to keep it always the same^ length. Set it 
vibrating in. a small arc of about 3 inches, and find the time of 30 or 40 
vibrations. On diifiding this time by 30 or 40, 
as the case may he, we get the time of one vibra- 
tion. If the pendulum vibrates more than once 
; \ a second, lengthen it ; if it is too slow, shorten 

\ it. On getting the light length for a swing in 

\ one second, it will be found to be a little more 

\ than 39 inches, or nearly 99^ cms. 

\ 

\ The exact length of a pendulum 

\ vibrating seconds in London is 39*1393 

\ inches, or 99*413 cms. This fact would 

\ afford the means of recovering the 

\ standard yard or standard metre, should 

\ either be destroyed. 

\ 13. Angular Measurement.— Euclid 

\ gives the following definition of a right 
\ angle : “ When a straight line standing 
on another straight line makes the adja- 
Fig. 9.' — 'Pendulum .winging Cent anglcs CQual to OHC another, each 
through arc angles is Called a right angle, 

and the straight line which stands on the other is called a per- 
pendicular to it.” Notice that “ perpendicular ” does not always 
mean upright, hut making equal angles on both or all sides. 
We find it convenient, for the purposes of angular measurement, 
to divide the right angle into smaller parts. Each right angle 
is accordingly divided into 90 equal 
parts, and each of these parts is 
called a degree. Each degree is 
again divided into 60 equal parts, 
one of these parts being termed a 
viinuie ; and if a minute be sub- 
divided into 60 equal parts, each of 
these parts is termed a seco 7 id. 
Symbols are used to denote these 
signifies 28 degrees 19 minutes 47 




o 

lU' 



Fig. 10. — Graduated circle. 


terms: thus 28° 19' 47" 
seconds. (Do not confuse these with minutes and seconds of 
time.) There are four right angles in every complete circle ; 
and so, for the convenience of measuring angles, we can divide 
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the circumference of a circle into 360 divisions, each of which 
is called a degree. Such a divided circle is called a grciductied 
circle^ and the angle whose measurement is so many degrees is 
the angle included 
between two straight 
lines drawn from the 
centre of the circle to 
the two marks on the 
circumference which 
include the proper 
number of divisions 
or degrees. 

It should be noted 
that a degree is on angle, 
and not an arc of a circle, 
though the arcs on a 
divided circle are often 
taken as the measure of 
the number of degrees. 

For it is shown in geo- 
metry that the angles at 
the centre of a circle are n.— Concentric graduated circles. The tv,^o outer 

proportional to the arcs on ones divided into degrees, 

which they stand, and so . , , • -i ^ 

there are no more degrees in the greatest circle than in urn lea^. i wo 
concentric arcs count os many degrees in the one as m the other when 
they subtend the same angle at the centre. A degree, then, niay be 
subtended by an arc of any length, but the arc is always the 360th part 
of a circle. For astronomical purposes the divisions are made to a niuch 
greater extent than on an ordinary graduated circle. An instrument calletl 
a meridian circle may have its consecutive divisions only 2 (two minutes) 
apart, so that the circumference then contains 360 X 30 = 10,000 divisions. 





CHAPTER III. 

GRAVITATION AND SPECIFIC GRAVITY. 

14 , Q-ravitation. — We have already spoken of an invisible 
force of attraction exerted by the earth on all bodieSj which 
gives rise to the 7oeight of a body which is supported, and to the 
fall of a body that is unsupported. This attraction is called 
the attraction of gravitation or gravity (Lat. gravitas^ weight). 
Sir Isaac Newton pointed out that this attraction not only 
takes place between the earth and bodies near it, but tliat all 
bodies in the universe attract one another, so that the force of 
gravitation is universal. The mutual attraction of the earth 
and the bodies on or near its surface is only a particular case 
of this universal attraction, this particular case being called 
terrestrial gravity. The general law is — 

Every particle of matter in the universe attracts et/ery other 
particle with a force whose direction is that of the line Joining the 
tvjo^ and whose 7nagniiudc is directly as the product of their 
masses^ and inversely as the square of their distance f?‘om each 
other. 

15, If every particle attract every other particle, why do we not see two 
suspended balls come together ? The reason is that the attractive force of 
the eartli on the balls is so very great compared with that of the balls on 
each other that this latter is hardly perceptible without special ap|3aratus to 
detect it. But if only these two balls existed in the universe they would 
begin to approach one another, and would finally meet. This lea^ us to 
the first law of gravitation — The force of graviiaiion varies directly according 
to the product f two masses. This is plain ; for if every particle exert its 
attractive influence, the more particles a body contains the greater will be 
the attraction. A body which contains twice as mucli matter as another 
is attracted or drawn towards the centre of the earth with twice the force — • 
that is, it will have twice the weight of tlie other ; if its mass be five times 
as great, then it will be attracted with five times the force, that is, it will 
have five times the weight of the other. Hence we see how it is that the 
earth exerts such an overwhelming attractive force as to draw all bodies 
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towards its centre, its mass being so very great compared with that of any 
single body on its surface. If the mass of the earfib were only half what 
it is, its attractive force would only be half as great ; on the other hand, if 
tlie mass of the earth were twice wnat it is, then the attraction of gravitation 
at its surface would be twice as great. It maybe said that such things as 
smoke, vapour, and balloons filled with light gas ascend. They do this 
simply because they are lighter, bulk for bulk, than air, and therefore the 
earth attracts the air with greater force than it attracts the lighter bodies, 
and the heavier air pushes them up until they reach a layer of air of the 
same density as themselves. For the same reason a piece of cork, when 
held under water and then released, rises to the top. 

The second part of the law of gravitation teaches us that 
the force of gimnty varies inversely as the square of the distance. 
This means that if for any two bodies the distance be doubled, 
the ’ attraction between them is diminished four times ; if tlie 
distance be trebled, the force of attraction is diminished nine 
times; if the distance be increased ten times, the force of 
attraction is diminished one hundred times ; and so on. 

2 ^ = 4 , and invert = 3^ = 9} invert = ^ ; 

io2 == io6, and invert = y^. 

Since the attractive force of the earth must be calculated 
from its centre, and since the equatorial diameter of the earth 
is greater than the polar diameter, the force of gravity at the 
poles must be greater than at the equator, bodies there being 
at a less distance from the centre. 

Thus, in the figure, OE is greater than OC, and still 



greater than OP. There is also another reason why the 
attractive force is greater at the poles, as will be shortly 
explajped. 
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1 6. The direction taken by a body falling freely towards 
the eartli is called the vertical^ and the vertical lines at different 
points of the earth’s surface when prolonged meet at the centre 
(see Fig. 12). But, owing to the great distance of the surface 
from the centre, these verticals may be considered parallel for 
points situated close together, as at a and h. But the further 
the points are apart the more do the lines depart from being 
parallel, till, as the earth is spherical, at points exactly opposite 
the two lines are in inverted positions. Places on the surface 
of the earth diametrically opposite each other are called anti- 
podes (Gr, anil., against ; and pous.^ podos^ foot). 

It is a consequence of the mode in which gravitation acts 
that all bodies free to fall, fall to the earth with equal velocity.^ 
for if gravity attracts a ten-pound weight with ten times the 
force that it pulls at a one-pound weight, attraction being pro- 
portional to mass, yet it has ten times as much matter to move. 
It was at one time thought that a ten-pound weight would fall to 
the ground ten times as fast as a one-pound weight, that two 
bricks fastened together would fall twice as fast as one of the 
same size. But the Italian philosopher Galileo took bodies of 
different weight and of about the same density to the top of the 
tower at Pisa, and show^ed that they reached the gromid at the 
same time as nearly as possible when let fall together. It is 
true that if we take a feather and a sovereign and let them fall 
from a height together, the sovereign reaches the ground first. 
But this is due to the greater resistance of tlie air on the 
feather, for it is much larger than the coin compared with its 
weight. If, however, we take a tall jar and exhaust the air by 
means of an air-pump, and then contiive to drop the coin and 
the feather from the top of the jar at the same time, they will 
reach tlie bottom at the same time. 

Exp&rimeiit Ip. — Place on a penny a circular disc of stout paper a little 
less in diameter, and let them fall together, They reach the ground at the 
same instant, for the penny protects the paper from the resistance of the air. 
Separately the penny reaches the ground before the paper disc. 

17. Weight and Mass.— In popular language and thought 
die ideas connected with the two words imass and weight are 
not always clear and distinct. The mast of a body is the 

r 



Weight and Mass, 


23 


quantity of matter contained in the body ; the weight of a body 
is the force of the earth’s attraction on the body. When we 
speak, therefore, of steam exerting a pressure of 40 lbs. on 
the square inch, we are using the word pound as a unit of force ; 
but when we talk of buying so many pounds of butter, we are 
using the word pound as a unit of mass. This double use of 
such words as pounds, tons, grams, etc., is due to the fact that 
at any place the masses of bodies are proportional to their 
weights, so that bodies that have equal weights are of eq7ial niass^ 
and vice versd (par. i). Hence 7 ae usually compare the masses 
of bodies by weighing them at the same plaee. 

The essential difference between weight and mass must not, 
however, be forgotten. It is brought out not only, in the 
definitions given, but also by the fact that if a 
piece of lead or other matter be taken to places 
at different latitudes on the earth’s surface, its 
weight or gravitating force towards the earth 
varies, but its mass remains the same. This 
variation would be shown by a graduated spring 
balance which measures the force directly exerted 
on a spring. It would not be shown by an 
ordinary pair of scales and weights, since any 
alteration in the gravitating force would affect 
the bodies used as “weights^’ to the same extent 
that it would affect the piece of lead, so tliat the 
weight which balances the lead in one place 
would balance it in another. 

Bodies weigh most on a spring balance at the poles and 
diminish m weight up to the equator for two reasons. 

(1) The earth is somewhat flattened at the poles, and bulges 
at the equator. Hence a body is nearer the centre at the poles 
than in other latitudes, and the nearer a body is to the centre of 
the earth, the greater is the earth’s attractive force. 

(2) The earth is rotating on its own axis once a day, 
and it is plain that the nearer a place is to the equator the 
greater is the circle of rotation and the higher the speed of 
rotation. Now, the effect of this rotation is to produce a 
tendency m a body on the earth’s surface to fly off at a tangent, 
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and thus to counteract some of the earth’s gravitative force. 
The sum of these two effects is to reduce the weight or gravita- 
tive force exerted by the earth part in passing from the 
pole to the equator, so that a body that pulled the spring of a 
balance to indicate 194 lbs, of force at the pole, would only 
pull it far enough to indicate 193 lbs. of force at the equator. 

18. We now see that, according to strict scientific use, the 
weight of a body is the downward pressure exerted by that body 
on its support owing to the earth’s pull upon the body. This 
weight is expressed in pounds or grams according to the system 
of units we employ. Now, it is often convenient to know the 
ratio or proportion which the weight of a body bears to the weight 
of ail equal hulk of pure watei\ This relative or comparative 
weight is usually c^led the specific gravity of the body. As a 
ratio can be put in the form of a fraction, we get — 

o weight of any volume of a substance 

Specific gravity = • , r . . r ^ 

weight of equal volume of water 


or, since the masses of bodies at any one place are proportional 
to their weights, we may also say — 


Specific gravity = 


mass of any volume of a substance 
mass of an equal volume of water 


Note carefully that the value of this ratio or fraction, found 
by dividing the numerator by the denominator, will be an 
abstract number only, not a number of pomids or grams. 


Example . — A small cube of lead measuring 2 cms. each way is fomid to 
weigh 91*2 grms. Find its specific gravity. 

Solution . — The volume or bulk of the cube will be 2 X 2 x 2 = 
8 c.cms, Now, a cubic centimetre of water weighs i grm., therefore the 
weight of a volume of water equal to the lead cube will be 8 gnus. 


Therefore specific gi-avity of the lead = 


91*2 gnus, 
8 grms. 


'4 


19. Determination of the Specific Gravity of Liquids.— As 
liquids are easily measured and weighed, it is easy to find the 
two terms of tlie ratio that express the specific gravity of a 
substance. Thus we might fill a glass or tube with the liquid 
whose specific gravity is required, and then fill another equal 
flask mth water. On finding the weights of each of these, we 
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should then be able to obtain the 
is better, however, to use a flask 
at a certain height, or a small 
flask fitted with a glass stopper, 
through which a narrow passage 
has been left (Fig. 14, A, B). 
With the former we fill up to 
the mark on the neck, first with 
the liquid and then with water, 
having previously counterpoised 
the flask. With the latter, wb 
fill the vessel and insert the 
stopper. Any excess of liquid 
passes out through the stopper 
and is wiped off. 


specific gravity required. It 
with a mark upon the neck 



Fig. 14. 

Watson's “ Elementary Practical 
Physics.") 


Bxpeiimni ii.— 'Suppose we are required to fiad the specific ^^avity of 
sulphuric acid, (i.) Weigh the marked tiask. Let the counterpoise of the 
flai. be 230 gnus, (ii.) Fill the bottle with water up to the mark and weigh 
again. Let the result be 850 gnus, (iii.) Empty the bottle, and after 
drying fill it witli sulphuric acid up to the mark and weigh again. Let the 
result be 1270 grms. ^ ^ 

We leanr from these results {a) that the weight of the volume of water 
taken == 850 gnus. — 230 grms. = 620 grms. ; {l>) that the weight of an 
equal volume of sulphuric acid weighs 1370 grms. — 230 grms. = 

1 140 grms. 

Hence the specific gravity of the sulphuric acid = "5^ ~ 

The specific gravity of any other liquid can be found in a 
similar way, and the same result will be obtained whether we 
use metric weights or English w'eights. Small metric weights 
are, however, more easily obtained. 

20. Specific (JiaTity of Solids.— We may find the specific 
•gravity of a solid, after weighing it in air, by placing it in a 
graduated vessel and noticing how much water it displaces. 
Thus if a solid be placed in such a vessel, and if it displaces 
12 c.cms. of water, we know that its volume is 12 c.cms., and that 
the weight of a volume of water equal to it is 12 grms. If, 
then, the solid weighs 42 grms. in air, its specific gravity will 
Ijg ^ _ 2'5. This method, however, is not the usual method. 

21. The Principle of Archimedes. — Before explainmg the 
usual method of finding the specific gravity of a solid, we must 
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lirst state and prove an important truth called after the name 
of its discoverer, the Principle of Archimedes. It is a matter 
of common experience that if we lower a stone attached to a 
string into water, its weight or downward pull becomes less. 
If we place a cork in water it floats, and if we push it to the 
bottom of a vessel of water and release it there, it rises at once 
to the surface, though the force of gravity is pulling it down- 
wards. We conclude, therefore, that when a body is immersed 
in a fluid, an upward force is exerted by the fluid on the 
immersed body. This upward force is sometimes called the 
buoyancy of the fluid, and its amount is given by the principle 
of Archimedes, which states, A solid immersed in a fluid loses 
an amouJit of weight equal to the weight of the fluid that it 
displaces. 

We may express this truth in another way by saying, ‘‘ A 
body immersed in a fluid is buoyed up by a force equal in 
amount to the weight of the fluid displaced ” 

When, therefore, the body is entirely immersed in the fluid, 



)^IG. 15. — ^Apparatus to prove the principle of Archimedes. A, hollow cylinder ; 

B, solid c>dinder ; V, vessel of water. 

the loss of weight is- evidently equal to the weight of its own 
bulk of water. 

Experivuni 12. —Take a small pail or hollow cylinder, A, and procure 
a solid cylinder of brass or other metal, B, which will just fill A. Hang B 
below A, and attach both to one scale of a balance. Add weights to the 
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otlier scale*pan to balance the two cylinders. Now bring a vessel of water 
under the solid cylinder so as to immerse it. The weights in the opposite 
scale-pan are now too hea's^, as B is buoyed up to a certain extent by the 
water. Pour water gently into the pail A until it is full, and notice that 
the arms of the balance again become horizontal as equilibrium is restored. 
This shows that the weight of the pailful of water just equals the loss of 
weight suffered b^- the solid cylinder in water, and as this pailful of water 
is exactly equal m bulk or volume to the solid cylinder, the experiment 
proves the principle of Archimedes stated above. 

The expression “loss of weight ” must not mislead the student, for there 
is no real loss, the weight of the vessel and water into which the solid is 
placed increasing by just the amount that appears to be lost. This may be 
shown by allowing the vessel V to rest on tne scale-pan of another balance 
as the solid cylinder is being put into the water. 

22. Determination of the Specific Q-ravity of Solids. — The 
principle of Archimedes indicates to us the best method of 
finding the specific gravity of solid bodies heavier than water. 
For — 

weight of substance in air 

Specific gravity = 

of an equal volume of water 

and since a body entirely immersed in water loses an amount 
of weight equal to the weight of an equal volume of w^ater, we 
can also say for such bodies that — 

^ _ . weight of body in air 

Specific gravity = 

The loss of weight in water is found by subtracting its 
weight when in the water 
from its weight in the 
air. We may therefore 
say that specific gravity 
W 

= W- 'W” 

the weight in air, and W' 
the weight in water. 

Fig. 16 — Method of finding the specific gravity 
Experiment 13 —Suppose of a solid, 

we wish to find the specific 

gravity of a piece of iron. Weigh tlie iron in air, and suppose the weight is 
15 J ozs. Attach the iron to a line thread, and weigh it in water Let the 
weight in water be 13^ ozs. Then by the principle of Archimedes the 
W’eight of an equal bulk of water and the loss of weight in water = 15*5 

— 13-5 = 2 ozs. Therefore the specific gravity of the iron = = 77 S» 
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Example,--h\\ irreiritlar piece of marble weiglis in air iS ‘2 grm*., and 
in water 11*7 grms. Find its specific gravity. ’ 


therefore 


iS ‘2 - II 7 = 6 * 5 , 
specific gravity = 


i,e, the loss of weight in water is 6* 
= 2-8 


5 grms. 


It is easy to see how the principle of Archimedes enables 
us to find the volume of any body whatever its shape, when 
we remember that one gram of water has a volume of one cubic 
centimetre. In the above example, the loss of weight in water, 
6*5 grms., is the weight of an equal volume of water, i,e, of 
6*5 c.cms. of water, and this also is the volume of the piece of 
marble. 

The following table gives the specific gravities of some im- 
portaJit solids and fluids : — 


Platinum 

Specific Gravities of Solids. 

. 22*07 Marlde . . . . 

2*8o 

Gold . 

• 19*35 

Aluminium 

2*68 

Lead . 

• 11*35 

Rock-crystal . 

2*65 

Silver . 

. 10*50 

Salt 

2*13 

Copper 

. . 8*90 

Coal . 

1*33 

Iron 

, 7*So 

Ice 

0*93 

Fleavy spar . 

♦ 4*43 

White fir 

0*57 

Diamond 

♦ 3*50 

Cork 

. 0*24 

Mercury 

Specific Gravities of Liquids, 

. . 13 60 >1 Distilled water at 39® F. 

1*00 

Bromine 

. 2 *96 

Distilled water at 32° F, 

0*99 

Sulphuric acid 

. . 1*84 

Olive oil . , . 

0*91 

Milk . 

. 1*03 

Alcohol 

, o*8o 

Sea- water 

. I *02 

Ether ". 

. 0*72 


With the help of such a table, we can readily find the 
weight ^ body when we know its volume^ ox its volume when 
we know its weight. For since specific gravity is the number of 
times a body is heavier than an equal bulk of water, and water 
is the unit in the above table, the above numbers must give the 
. weight of one cubic centimetre of each substance. 


Example . — Find the weight of 625 c.cnis. of silver. 

The specific gravity of silver is io*j, and therefore i c.cm, of silver weiglis 
I0‘5 grms. Therefore 625 c.cms. of silver weigh 625 X 10*5 = 6562*5 gmis. 

It English measures be used in any problem, it must be remembered 
that I cubic foot of water weighs 1000 ozs., or 62J lbs. Thus a cubic foot 
of iron of specific gravity 7*8 = 62^ x 7*8 = 487*5 lbs. 
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23. Why some Bodies sink and others float in a Liquid. 
^ A solid body will sink in a liquid if its weight is greater than 
its own volume of the liquid, because the upward pressure or 
buoyancy of the liquid is not then as -great as the force of 
gravitation (the^ earth’s attractive force) on the body. A solid 
body will float in a liquid if its weight is less than the weight 
of its bulk of the liquid, because the upward pressure or buoyancy 
of the liquid is greater than its weight, that is, greater than the 
downward force of gravity. Such a body, if pressed below the 
surface of the liquid, as a cork pressed to the bottom of a pail 
of water, rises to the surface on being released, though gravity 
is pulling it downwards, for the buoyant force of the liquid is 
then greater than gravity. A solid body will float anywhere 
entirely covered in a liquid when its weight is just equal to the 
weight of its own volume of the liquid, for then the buoyancy 
of the liquid and the earth’s gravitative force just balance one 
another. A solution of salt and water may be made so strong 
that it will just cause an egg to float entirely immersed in the 
middle of the liquid. 

A solid piece of iron sinks in water, because it is heavier 
bulk for bulk than an equal volume of water ; it floats on the 
surface of mercury, because it is lighter bulk for bulk than 
mercury. The fraction of its volume that is immersed gives the 
volume of the mercury that is equal in weight to the w^eight of 
the whole piece of iron. 

But a piece of iron can be made into a hollow vessel, so that 
when only partly immersed it displaces water equal to its ovn 
weight. The upward pressure being then equal to the w'eight 
of water displaced, the iron vessel floats and is able to carry a 
load. The weight of a vessel and its cargo is always equal to 
the weight of water that it displaces, i,e, to 62^ lbs. multiplied 
by the number of cubic feet of water displaced. 

The principle of Archimedes applies to gases as well as 
liquids, for the air exerts an upward pressure on all bodies in 
it equal to the weight of the volume of air displaced. This 
loss of w^eight in air is usually disregarded, as it is so small, but 
its action becomes apparent in the case of balloons. A balloon 
rises because the weight of the gas in it, the balloon itself and 
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all it carries, is less than the air which it displaces. When it 
ascends it passes into air that gets lighter and lighter, bulk for 
bulk, until at last the balloon displaces a weight of air exactly 
equal to its own. As the gas gradually escapes or is let out 
from the balloon it becomes less in bulk, and therefore heavier 
than the air it displaces. When this occurs the balloon 
descends. 

24. Density. — The term de 7 isiiy^ when properly used, means 
‘^the mass or quantity of matter in a unit volume of a sub- 
stance,” />. since the mass of a body is usually measured by its 
weight, density maybe defined as “ the weight of a unit volume 
of a substance.” Density, therefore, is expressed in ‘‘pounds 
per cubic foot,” or in “ grams per cubic centimetre,” according 
to the system of units employed. 

If we take a unit volume (1 c.cm.) of water, wood, iron, 
and lead, we find that they have different densities, since the 
weight of these equal volumes differ. This may arise from t>vo 
causes : (a) because the individual particles of one substance 
may be more closely packed together than in another; (f>) 
because the individual particles of one substance may contain 
more matter, that is, have a greater mass or weight, than those 
of another. We cannot alter the weight of the individual 
particles of any substance, but we can often force the particles 
of a body closer together by pressure. We should then be 
increasing the density of the body, for we should be increasing 
the weight of a unit volume of it The wool in a pressed 
bundle is denser than tliat of the sheep’s back, as its particles 
are closer together, and a unit volume of it is heavier. 

The density of water is r gram per cubic centimetre ; that 
of lead is 1 1-35 grams per cubic centimetre. The density of lead 
is therefore ir35 that of water, or lead is 11^35 times 
heavier than an equal bulk of water. The number expressing 
how many times a body is heavier than an equal bulk of water 
is the specific gravity of the body. Specific gravity is therefore 
the same as relative density. 

In the metric system it will be noticed that the 7 iumbcr 
used to express the density of a substance is the same number 
as that used to express its specific gravity, but the former is a 
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concrete number (grams per cubic centimetre), and the latter an 
abstract number, as it expresses a ratio only. Density and 
specific gravity being numerically the same when the metric 
system is employed, a Table of Specific Gravities serves also as 
a Table of Densities, and the word dc7isity comes to be used in 
place of speafic gravity. 

Example r. — What is the weight of 250 c.cms. of mercury whose 
density Is 13*59 gmis. per cubic centimetre ? 

I c.cra. of water weighs i grm. 

/, I c.cm. of mercury weighs 13*59 grms. 

and 250 c.cms. of mercury will weigh 250 x 13 '59 = 3397 ’5 gnns., or 
3 hg. 3 hg. 9 Dg. 7 grm. 5 dg. 

Example 2. — A rectangular block of marble is 1*5 metre long, 60 cms. 
wide, and 40 cms. deep. Its weight is 972 kilograms. Find its density. 

Volume of marble = 150 X 60 x 40 = 360,000 c.cms. 

Weight of marble = 972,000 grms. 

, , 972,000 V , . . 

/. density = — = 2*7 grms. per cubic centimetre. 

300,000 

The student must clearly distinguish between the terms Specific Gravity 
and Density. We can say, for example, that iron has a specific gravity of 
7*5, as this number expresses a ratio merely ; hut we cannot say that iron 
has a density of 7*5, for we must in giving the density give both the unit of 
volume and the unit of mass or weight. Iron has a density of 7*5 grams 
per athic centimetre^ or, using British units, we can say iron has n density 
of about 468*8 pounds per cubic foot, 

A useful method of finding the specific gravity — that is, the relative 
density-^f liquids is by means of bala?/cing colum 7 is. A U tube is taken 
and a little mercury poured in so as to rise about an inch in each leg. In 
one limb we pour, say, turpentine. This causes the mercury to rise in the 
Opposite limb above the surface of the mercury in the limb containing the 
turpentine. Now pour water in the other limb until the two mercury 
surfaces are level. These two liquids, turpentine and mercury, balance each 
other, and it is evident that the specific gravity of tlie turpentine is less or 
more than that of water in proportion as its column is longer or shorter 
than the balancing column of water ; i.e.^ with the U tube so used, the 
relative density of a liquid is the length of the water column clirided by the 
length of the column of the other liquid. 



CHAPTER IV. 

MOTION, INERTIA, AND FORCE, 

25. Motion and Velocity. — Motion is change of position in 
relation to ,niiToumiing objects, A point or a body is said to be 
in motion when it has diiferent positions at different times. To 
understand the motion of a body, we must know the speed of 
the body and the direction or path in which it moves. At 
present we shall consider motion in a straight line, that is, 
linear, or, more correctly, rectilinear motion (Lat. rectns, straight ; 
lima, a line). 

Uniform rectilinear vioiion is motion along a stmight line 
with uniform or constant speed. 

Velocity is a certain speed in a definite direction, i,e, velocity 
is rate of motion. It is measured when uniform by the amount 
of motion, expressed in units of length, which takes place in a 
imit of time. A body moving in a straight line is said to move 
with uniform Iviear velocity when it passes through equal 
distances in equal times, ^ however small these times may he. 

It is important to notice the last words of the definition of 
uniform linear velocity. A train might move through a mile in 
one minute and through another mile in the next minute, and 
yet it might have passed over unequal distances in successive 
seconds. 

"When a body does not pass over equal distances in equal 
times, however small these intervals may be, its velocity is said 
to be variable. 

To measure velocity, we require a standard or unit of 
velocity. The unit of velocity in the British system is the 
velocity of a body which passes over unit length in unit time, 
ue, a velocity of one foot per second. In the metric cjr C.G.S. 
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system, the utiit of velocity is the velocity of a body that describes 
07 i€ centimetre in one second. 

In all cases of velocity the unit of distance and the unit 
of time must both be expressed, unless they are clearly under 
stood. Other units may be employed, as miles per minute, 
or metres per second, and they can be readily reduced to the 
standard units if required. 


Express a velocity of lo miles per hour in British units of 
velocity, i.e, in feet per second. 

lo miles 

10 miles per hour may be written . This is equal to 


, on cancelling, 

6 o X 6 o seconds 


44 feet 
3 secs. 


= I4§ feet per second. 


If V represent the number of units of velocity described 
by a body moving with imiform velocity in a unit of time, 
then the distance or space described in two units of time will 
be X 2, in three units of time v x 3i in / units of time 
vy.t, i.e. vt. Representing the space by j, we see that the 
space described in one second with the velocity v is in 
two seconds v X 2, in three seconds v X 3, and in t seconds 
V X i.. Hence the algebraic formula — 


s = vt 


or the expression — 

Space = velocity X time 

This general equation or formula of calculation for all cases 
of motion with uniform velocity applies whether we measure 
in British or metric units, and it is true whatever unit we 
employ, provided we keep to the same units throughout the 
particular example. 

ExamfU—k body moves at the rate of 50 feet per second. How far 
does it move in 5 mmute ^ second, and t = 

, % sr'lwr™! "dS” .sV 

in feet per second.) From s — vt we get here 

j = 50 X 300 = 15,000 feet 

t = A hour. Hence from r = we get 

^ = 20 X |«i = 8j kms. 
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From the equation s = vt wq get, by dividing both sides 

s 

of the equation by /, the new formula 'o = />. — 


Velocity = 


space 

time 


This enables us to calculate the velocity when space and time 
are given. We can also obtain from the equation s = vt by 

s 

dividing each side by ^ — 


Time = 


space 

velocity 


This enables us to calculate time when space and .velocity 
are given. 


Example . — Find the lime reqtiired to move through a distance of i mile 
at the uniform velocity of 88 feet per second. 

Using / = -, we get — 
v 


I mile _ 5280 feet 
88 feet 88 feet 


60 secs. 


It will be useful to remember that a velocity of a mile a 
minute is equal to 88 feet per second. The above examples 
may also be worked by the rules of simple proportion. 

26. A body moving in a straight line may have more than 
one velocity at the same time. A boat that is being rowed 
down a stream has a velocity made up of the velocity produced 
by the rowing and the velocity of the stream. Both velocities 
are in the same direction, and the velocity of the boat is the 
sum of the two velocities. Rowed up stream the two velocities 
are in the opposite direction, and the resultant velocity is the 
difference of the two velocities in the direction of the greater. 

Example, A stone rolls ^ong a plank due south at the rate of 15 yards 
a mmute, and the plank is being carried due north at the rate of 
12 yards a mmute. What is the resultant velocity of the stone in foot- 
second umts ? 

. The velocities being in opposite directions, and the greater velocity 
being south, the resultant velocity is 15 _ 12 = 3 yards a mmute due south. 


3yards _ q feet 3 , . 
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27. Variable Velocity. — When a body is moving vdth. 
variable velocity, i.e. when a body moves over unequal spaces 
in equal times, we may not be able to give its velocity at any 
instant, yet we can find its average or 7 nean velocity for any 
distance traversed, by dividing that distance by the whole time 
taken to traverse it. A train that nms 180 miles in six hours, 
though its actual velocity may vary from o to 60, runs the 
distance with an average velocity of = 30 miles an hour. 
It is therefore evident that when a body moves with variable 
velocity over a given space in a given time, the average 
velocity is equal to the uniform velocity with which any body 
would pass over the same space in the same time. 

28. Acceleration, — ^Bodies in nature do not move wdth 
uniform velocity, but motion with change of velocity is common. 
The rate of change of velocity is called cuceleratum, “ Rate of 
change” is measured by the amount of change which takes 
place in a unit of time. Hence accele 7 ‘ation is the change of 
velocity per second. In ordinary language, the word “ accelera- 
tion” means an increase of velocity, and the word “retardation” 
is used to denote a decrease of velocity ; but in the science of 
mechanics, acceleratmi is the change of velocity per second, 
or the rate of change of velocity, whether the change be an 
increase, a decrease, or a change of direction, for velocity is 
a certain speed in a definite direction. Increase of velocity 
per second may be called positive acceleration, decrease of 
velocity negative acceleration. A body is said to have uniform 
accelei’ation when it receives equal increments or decrements 
of velocity in equal times, however small these times may be. 
For example, if a body is found to have at the end of 
successive seconds a velocity of 6, 9, 12, 15, and 18 feet per 
second, it is being uniformly accelerated, for the change of 
velocity per second is an increase of three feet per second each 
second, or three feet per second per second. Acceleration, it 
will be noticed, is measured by the increase of velocity per 
second. An acceleration of ten means an increase of 10 feet 
per second each second, and since the element of time comes 
in twice, we 'usually express this by saying 10 feet per second 
per second. As already mentioned, a retardation of velocity 
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may be regarded as a negative acceleration. A l)Ocly that 
starts with a velocity of loo feet per second, and that has a 
negative acceleration of 15 feet per second each second, will 
have a velocity of 100 - (3 X 15) = S 5 per second at the 
end of three seconds. 

29. The Acceleration produced by (Jravity.—lCxperiment 
shows that a heavy body, when allowed to fall (reel}', falls 
vertically — 

In one second through 16 feet; 

In two seconds „ 64 feet, i,e, through 16x2” h-‘et ; 

In three „ „ 144 j? » t6 x 3 " 

In four „ „ 256 „ „ 16x4" » 

so that, if we imdtlply the square of the numher of seconds hy id, 
we get tlie distance in feet througli which a falling body 
descends in a given time from rest. 

Now, since gravity is a uniform continuous force atdiitg 
upon a body, it must act as a uniform accelerating h^rcc on a 
falling body. 'And since experiment shows a body htlls 
tlirough 16 feet in the fimt second when it starts from rest, 
its velocity at the end of the first second must he a.s much 
faster than 16 feet as it was slow^er at the beginning. At the 
beginning the velocity was zero, so that to pass from I'f’st 
through 16 feet in one second with the velocity iinifonnly 
increasing, the velocity at lire end of the first second must be 
32 feet ptr second. Gravitation near the earth’s surface, being 
continuous and uniform, will therefore cause a velocity of 
32 feet per second during each second that it acts — that is, 
the acceleration produced l>y gravitation is 32 feet per second per 
seco 7 id. The number denoting the acceleration due to gravity 
is often denoted by the letter g. 

Remembering the distance fallen through in one second, 
and the velocity acquired at the end of the first second, a 
little thought will enable the reader to find the distance 
traversed in any succeeding second, or the velocity acejuired 
at the end of any number of seconds. Thus at the end of the 
first second a falling body has a velocity of 32 feet, and if 
gravity ceased to act it would pass through this distance in 
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second second. But gravity continues to act, and makes 
it fall through i6 feet in addition to the 32 feet — through 
32 -f- I <5 .= 48 feet in the second second. Add this to the 
6 feet fallen' through in the first second, we get 48 + 16 = 64 
feet, the distance fallen through in two seconds. In the second 
second gravity adds another 32 feet of velocity, so that the 
v^elocity at the end of the second second is 32 x 2 = 64 feet 
[>er second. 

On throwing a ball or other object vertically upwards, 
gravity acts as a uniformly retarding force until it comes to 
rest, when gravity brings it back with uniform acceleration. 
^ little reflection will show that a l^ody thrown upwards takes 
a-s long to fall as it does to rise, that the height which it reaches 
just equal to the distance it would fall from rest during the 
time it occupies in rising, and that its initial upward velocity 
will be the same as its final downward velocity. 

30. Inertia and the First Law of Motion. — Observation 
and experiment show that matter has no power of itself to 
change its own state of rest or of motion ; in other words, that 
torce is retiuired to move any piece of matter or to alter its 
roctilinear motion in any way. This implies that \vhen a body 
is at rest, a certain resistance imust be overcome by the ajjplica- 
tion of an external force before the body can be set in motion, 
and that if a body is already in motion and wc wish to make it 
move faster or slower or to change the direction of its motion, 
a force must still be applied, because in each case resistance 
is to be overcome. The property possessed by all matter of 
offering resistance to change of state, either of rest or motion, 
is called inertia. This amounts to saying — 

Iiiertia is that property of matter which makes the application 
Ojf external force necessary Inf ore any motion or chany;e of molion 
can he produced hi a body. 

A description and account of the property of inertia is con- 
tained in the first of the three laws of motion as given by 
Newton. The first law of motion states; Every body con- 
tinues in its state of rest or of uniform motion in a straight lin<\ 
ccccept in so far as it is compelled to cluvige its state by external 
forces acting upon it. 
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The fact that a body at rest remains at rest when not acted 
upon by an external force is plainly true and a matter of daily 
experience. A stone or leaf at rest never begins to move 
without being acted upon by a force. But the law also states 
that a moving body would continue to move for ever in a 
straight line with uniform speed, provided no external force acts 
upon the body. What is the evidence for the truth of this part 
of the law ? We cannot prove it by direct experiment, as every 
moving body we are acquainted witii is subject to the action 
of several forces — gravity, friction, the resistance of the air, etc. 
But the nearer we approach to the conditions imder which the* 
second part of the law is stated — a body moving and not acted 
upon by any force — the more nearly does the body continue 
to move in a straight line with uniform speed. A smooth ivory 
ball thrown along a rough horizontal grass plane is soon 
brought to rest by the opposing forces, the friction of the plane 
and. the resistance of the air. Throw it along a large horizontal 
plane of wood with the same force, and it travels farther, as the 
friction is then less. Throw it along a smooth sheet of ice, and 
it remains in motion still longer. Hence we conclude that if 
we could have a perfectly smooth horizontal surface in a space 
devoid of air, the ball would move at a uniform speed in 
a straight line for ever, for a body has no power in itself to 
alter either its speed or its direction. 

Many illustrations of the first law of motion and of the 
property of inertia are met with in ordinary life. AVhen a 
person is standing up in a carriage at rest, and the carriage 
is suddenly moved forwards, the person falls backwards, 
because, not being fixed to tlie carriage, his inertia or 
tendency to keep his state causes him to remain at rest in the 
position he occupies. This is an example of die tendency 
of a body to remain at rest when not acted upon, by force— 
'‘inertia of rest,” as it may be called. 

As an example of the "inertia of motion/’ or the tendency 
of a moving body to continue moving uniformly in a straight 
line when not acted on by a force, consider first a rider upon 
a moving object (horse or carriage) that suddenly stops. His 
inertia or tendency to keep his s'tate of motion causes him to 
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move on so that he falls forward, for the force which stops the 
carriage is not applied to the rider to the same extent. If a 
carriage make a sudden turn when moving rapidly, the rider 
IS liable to be thrown on the outer side or the carriage over- 
tirmed, owing to the tendency of a moving body to continue 
its motion in a straight line. 

31. Porce. — Newton’s first law of motion implies the 
following definition force : — 

Force ts any cause which changes or tends to change a body's 
state of rest or of uniform rettilinear motion. 

The definition of force does not tell us what forces are in 
themselves, but merely what effects are produced^ by the causes 
called forces. It must be noticed that a force does not always 
produce motion, for if counteracted by another force it will 
only “tend” to clrange a bod/s state of rest or motion. 
Forces that can set bodies in motion, such as attractions, the 
push or pull of a living agent, or a compressed spring may be 
called active forces; forces that are only able to check or pre-- 
vent motion, such as friction and aU other kinds of resistance, 
may be called passive force. 

Forces may be measured in various ways. One way of 
measuring a force is to find the velocity it can impart to unit 
mass in a unit of time, that is, to find the acceleration it can pro* 
duce. Another mode of measuring a force is to compare it 
with a unit w^eight, so that a force is often described as a 
pressure of so many pounds’ weight. 

Forces may often be conveniently represented by straight 
lines, for a straight line of finite length can represent (i) the 
point of application of a force, (2) its direction, and (3) its 
magnitude. For example — 

(1) The point A represents the point of application of a 

force F. p 

(2) The direction a ’*8 ^ 

from A to B represents 

the line of action and direction of the force. 

(3) The length AB represents the ma^iitude of the force, 
when it contains as many units of length as the force contains 
units of force. 
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x\ny unit of length, as an inch or \ inch, may be chosen in 
any particular case to represent a unit of force, and then a line 
of twice that length will represent a force twice as great, and so on. 

32. Newton’s Second Law of Motion. — The second law of 
motion may be stated thus : The rate oj change oj monienUim of 
a body is proportmal to the exiernal farce producifig it,, and takes 
place m the same direction as th force acts . 

A “rate of change” of any quantity is measured by the 
amount of change that takes place in a unit of time. 

Mome7iinm, or Quantity of Motion, denotes the product of 
the mass of a moving body into the velocity with which it 
moves. We may take as the unit of momentum a body of 
I lb. which is moving with a uniform velocity of i foot in a 
second. Then the numerical value of the momentum of a 
body is the product of the number of pounds in it by the 
number of units of velocity with wliich it is moving. Experi- 
ment shows that when force produces motion in a body, the 
momentum produced in one second is proportional to the 
force. Hence force can be measured by the momentum it is 
capable of producing in a unit of time. A ball of lead weighing 
10 lbs. and moving with a velocity of 18 feet a second would 
strike an obstacle with the same force as a ball weighing 
30 lbs. and moving with a velocity of 6 feet a second. The 
momentum or mass- velocity in both cases equals 180. 

In general, momentum = mass X velocity, and as momenta 
are exactly proportional to the forces producing them, we can 
compare forces by comparing the momenta produced by them. 

The second law implies that each force acting on a body 
produces its owm change of momentum of the body, inde- 
pendently of any other force or forces that may be acting. 
This leads us to the consideration of the composition of two 
forces, or the reduction of two forces to one resultant 

33. Composition of Forces.— -We often wish to know what 
effect two or more forces have upon a body, and thus to find 
out what single force will produce the same result as all the 
others combined. This single force is called the resultant, and 
the problem of finding it is known as the Composition of Forces, 

(i) Suppose two forces to act in the same direction upon a 
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point in a body, then they are equivalent to a single force in 
this direction represented by their sum. Thus, if a height of 
6 pounds be hung at the end of a string, and also a weight of 
4 lbs., their effect upon a body is the same as if a single 
weight of 10 lbs. were hung at the end. With more than 
two forces acting in the same direction, their resultant will 
again be their sum. 

(2) Suppose two forces to act in exactly opposite directions 
on a point in a body, then they are equivalent to a single force 
acting in the direction of the greater, which is represented by 
their difference. Thus if a force of 20 lbs. act in one direction, 
and a force of 14 lbs. in the opposite direction, the effect is 
the same as if a force of 6 lbs. acted alone in the direction of 
the force of 20 lbs. 

(3) The method of finding the resultant of two forces 
acting on a point when the forces are not in, the same stmight 
line, but act at an angle to each other, is given by the following 
rule : If two forces acting at a point he represmied in magfiitude 
and direction by tJte two adjacent sides^ of a parallelogram.^ then 
their resultant or conjoint effect is represented both in magnitude 
and direction by that diago- 
nal of the parallelogram 
rohich passes tJvrough the 
point. 

This rule is called the 
Farallelogram of Forces. 1 1 
can be proved by experi- 
ment as follows : — 

Exprrhnmt 14. — Fix two 
smooth horizontal pegs, A and 
B, on a blackboard or upon a 
vertical wall. Let tluree smooth 
flexible strings be knotted to- 

f etlier, C representing the knot. 

,et one string pass over the 
peg A, and have a weight, P, 
attached to its end ; let another string pass over the peg B, and have a 
weight, Q, attached to its end ; and let a weight, R, he hung from 
C. The weights P, Q, and R must be taken so that any two must be 
greater than the third, as otherwise the weights will not arrange them- 
selves in a position of balance or rest. Suppose, for example, P is a 
weight of^ lbs., Q of 3 lbs., and R of 4 lbs. Mark off on the string to 


A B 



Fio. 18. 
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which P is attached, or on the board behind it, two unit's of length,' CD, to 
represent the force P, and also on the string supporting Q three units of 
length to represent the latter weight. It will be found, on con^leting the 
parallelogram CEFD on the blackboard, that the diagonal CF will be in 
the same line as the string CR, and will be exactly four units of length long. 
But as R balances P and Q, it must be exactly equal and opposite to their 
resultant. Hence CF represents this resultant when CD and CE represent 
P and Q. 

34. Resolution of Forces. — Just as several forces acting 
upon a point may be composed into one resultant, so one force 
may be divided into several others called its ‘‘components,” 
which combined together are equivalent to it. 

This is done by means of the parallelogram of forces. For 
if we represent, as we can do, the original force by a straight 
line, we can regard this line as the diagonal of a parallelogram 
whose sides we are trying to find. But round one diagonal 
any number of parallelograms can be placed, and to determine 
the magnitude of two components we must know the directions 
they are to have, so as to fix which of these pgrallelograras is 
the one we must take ; or vice vef‘sd, to determine the direction 
of the components, we must know their magnitudes. 

It is usually convenient, however, to determine the hori- 
zontal and vertical components of a force ; that is to say, to 
determine them when the angle between the two component 
forces is 'a right angle. 

Thus, suppose a man is pulling a block of stone along the 


A 



ground by means of a rope passing from the stone to his hand. 
Now, all the force exerted by the man is not used in dragging 
^ Four inches may be conveniently taken as a unit of length. 
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the stone. If, however, we “ resolve ” the force into its hori- 
zontal and vertical components by means of the parallelogram 
of forces, we can find, by comparing on the same scale the 
length of the line representing the original force with those 
representing the components, what portion of the force exerted 
t>y the man is used in dragging the stone along, and what 
portion tends to lift the stone. 

Suppose the force exerted by the man is equal to a weight 
of 50 lbs., acting at an angle of 30° to the horizontal. Letting 
I inch represent 25 lbs., draw a line, AC, 2 inches long, making 
an angle of 30“ with the horizontal. Then draw the parallel- 
ogram, having AC as diagonal, with its adjacent sides at right 
angles. This will give the vertical and horizontal components 
of the force, the former, AD in this case, being represented by 
a line i inch long, and the latter, AB, by a line 17 inch long. 
Hence we learn that a force of 25 x 17, 42*5 lbs., is being 

spent in moving the stone in a horizontal direction, wHlst one 
of 25 lbs. tends to lift the stone upwards. By inclining the 
rope at various angles to the gromid, and determining the 
components in each case on completing the parallelogram, the 
student can find out for himself what effect the inclination of 
the rope to the horizontal has upon the relative magnitudes 
of the components, and thus prove why less force is required 
to drag the stone the more the direction of the applied force 
is in the same straight line as the direction in which we wish 
to move the stone. 

35. Newton’s Third Law of Motion.^ — The third law of 
motion states, To every action theix is an equal and opposite 
r-eaction. It means that every exertion of force consists of a 
mutual action between two bodies ; that whenever a change of 
momentum is produced in a body by a pressure or pull exerted 
by some other body, just the same change of momentum is 
produced in that other body in the opposite direction. Action 
and reaction together form the stress between the two bodies, 
i.e. stress is the pair of equal and opposite forces constituting the 
mutual action hetiveen two bodies. We often think of only 
one of the masses between which a stress is acting, and of 

only one part of the stress, and thus speak of the force 

<« 
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acting upon a body, thus neglecting for the time the reacting 
force. 

Strain is the alteration in the shape or size of a body 
produced during the action of a stress. A beam is said to 
undergo a strain if compressed, or stretched, or bent, or dis- 
torted in any way. Illustrations of the third law of motion 
are found in the recoil of a gun, in the ascent of a rocket, 
and in the mutual attraction of a magnet and a piece of 
steel. • 

36. Conversion of Retilinear into Circular Motion. — 
When a body is moving in a straight line, the motion is teraied 
rectilinear ; when a body moves in a curve, the motion is 
termed curvilinear ^ or if the curve be equidistant from a 
fixed point, circular, 

Newton’s first law of motion (par, 8) shows that when a 
body is once put in motion, it will continue to move in a 
straight line with uniform speed unless acted upon by some 
force. Hence in every case of curvilinear motion, there must 
be a force deflecting the moving body from a rectilinear path. 
If a body is moving tmiformly in any other path than a straight 
line, some force must be continuously deviating it from a 
straight line. Consider the case of a stone swung round in a 

circle at the end of a string. 
If the string should break, 
the stone will move off in 
a straight line along a tan- 
gent to the circle at what- 
ever point in the circle the 
stone then happened to be. 
The force that converts this 
rectilinear motion into a 
circular motion, or the 
force which compels the 
stone to describe a circle. 



f force 

(Lat. peto,, I seek), because 
it is a force seeking or acting towards the centre of the circle. 
This force is constant in magnitude, and being always at right 
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ingles to the direction of the moving body, neither accelerates 
nor retards its velocity round the circle. 

The rectilinear motion of a body may therefore be converted 
into circular motion by a force acting continuously upon the 
body at right angles to its natural rectilinear path. For uniform 
circular motion, the value of this centripetal force is represented 

by the formula /= , where m is the mass or weight of the 

r 

body, V the velocity, and r the radius, ie, the force varies 
directly as the mass of the body multiplied by the square 
of the velocity, and inversely as the radius of its circular path. 
This shows that when a stone is whirled round by a string, the 
larger the stone, or the quicker it whirls, the greater the centri- 
petal force. The force exerted by the hand drawing the stone 
towards the centre, and causing the tension in the string, is this 
centripetal force. There is, of course, tlie reaction of the stone 
upon the string, which is equal and opposite, and this is some- 
times spoken of as centrifugal force (Lat. fugio^ I flee). The 
tendency of the stone, however, is not to move outivards from 
the centre, but in a straight line tangential to the circle, in 
consequence of its inertia, and it is only turned from its natural 
straight path by the central force pulling it into a circular path. 

What is termed ‘‘ centrifugal force ” is in fact not a force at 
all, but only an instance of the effect of inertia, the inertia of 
rotation. 

Examples of this tendency to fly off at a tangent are seen in 
the drops of water flung off in the direction of tangents to the 
circular outline of a wet mop that is being quickly twirled, in 
the flying outwards of the governor balls of a stationary engine 
as the velocity increases, and in many experiments with a 
whirling-table. 

Experime 7 it 15. —Attach equal short threads to the outer edge of a cir- 
cular card with a hole in the centre, and to the free ends of each thread 
fasten a light pith ball. Slip the card over the upper part of a rapidly 
spinidng top, and observe how the balls spread out in a horizontal circle 
owing to the tendency to move off at a tangent. 

Experiment i6. — Fix to the vertical axis of a whirling-table an iron rod 
at the bottom of which are fastened four elastic hoops of metal, the hoop , 
being joined at the top to a ring capable of sliding up and down the red. 
On rotating the apparatus the ring slides down the rod, and the hoops bulge 
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Fio. 2T, Explanation 

spheroidal form of the earth 


out at the centre owing to the teiulency to fly outwards from the centre of 
rotation. At a great speed the impression of the separate strips run together, 
and give to tlie eye the appearance of an 
oblate spheroid. 

Examples of centripetal force may 
be found in astronomy. The moon's 
motion is due to a combination of 
two velocities, revolving round the 
earth in an orbit nearly circular be- 
cause deflected from a natural recti- 
linear path by a centripetal force, 
viz. the earth’s gravitative attraction. 
In fact, Newton showed that its path 
may be regarded as compounded of 
of ^ the an original impulse in a rectilinear 
direction, and a constant pull— tlie 
force of gravitation — towards the earth's centre, and that 
generally, were a planet projected with a certain velocity in a 
direction right angles to the radius connecting the planet and the 
sun, the planet would for ever describe a circle round the sun. 

It is easy to understand that some modification of this 
s^elocity or direction of projection may lead to other closed 
:urves than a circle, an ellipse, and the law of gravitation, 
iccording to which the force of attraction varies inversely as the 
square of the distance, combined with a certain specific initial 

impulse, has been proved 
to explain the elliptical 
paths of the planets, and 
their varying velocity in 
different parts of the orbit. 
X 37. Angular Velocity. 
— When a body is rotat- 
ing about a fixed axis or 
fixed point, each particle 
describes a circumference 
whose centre is tlie axis. 
Suppose the point O to be an axis, and P a point on a fixed 
ine Ox; then the rate at which the angle VOx increases is 




Ang7ilar Velocity, 


47 


called the angular velocity of P about the point O. Angular 
.velocity is therefore the angle passed through by a rotating 
Doint in a unit of time. It is evident that every point on the 
ine OPj when OP represents the rotating body, will describe 
;he same angle in the same time, but that the linear velocities 
Df the particles will increase as the distances of the particles 
from the fixed point O increase. 

The unit of angular velocity is that which the point has 
when it describes unit angle in one second. The unit angle 
used in angular velocity is called a radia?i (the radian = 57 ’3°), 
that is, the unit of angular velocity is one radian per second. 
Angular velocity may also be expressed in degrees per second. 

We can now see that the angular velocity of all bodies on 
the surface of the earth is the same, while the linear velocity 
must decrease as we pass from the equator to the poles. 
Regarding the earth as a sphere or globe rotating around its 
axis, all bodies on its surface describe circles about this axis 
in the same time, the greatest circle being the equator^ and the 
other circles diminishing in size the nearer they are to the axis. 
If we take the earth to be a globe of about 24,000 miles in 
circumference at the equator, and the time of rotation to be 
24 hours, then every body on its surface moves through 360*^ 
in 24 hours; that is, through 15*^ in i hour, or 1° in 4 minutes. 
The linear velocity of a body at the equator will be 1000 miles 
per hour ; but north and south of the equator it will be less. 
Thus at London, latitude 5i|° N., the linear velocity of a body 
on the surface is less than half that at the equator. As we 
approach the poles this gets less, until at the pole itself there is 
no linear velocity. It will also be evident, from what was said 
in the previous paragraph, that the centrifugal tendency of a 
body is greatest at the equator, and that this tendency 
diminishes as we go polewards. 



. CHAPTER V. 

PARALLEL FORCES AND MACHINES. 


38. Forces whose line of action are parallel are called 
parallel forces. If the parallel forces act in the same direction, 
they are known as like parallel forces ; if they act in opposite 
directions, they are said to be tmlike parallel for.es. 

We will first of all show that for two like parallel forces — 

(1) The resultant acts in the same direction as the forces. 

(2) It is equal to their sum. 


Experiment 17. — Take a light miiform bar of wood {about a metre long) 
and suspend it to the hook of a sirring b(ilance by a string passing through 
a hole at the centre of the rod, so that the latter can turn quite freely about 






Fig. 23. 



its point of suspension. Mark on the bar equal divisions from the ceh^e, 
and at each division bore a small hole. Make several hooks of bent wire, 
and when necessary insert a hook into the hole from which you wish to 
suspend a weight. The rod v ill now swing freely and rest in any position, 
its weight being indicated by the siting balance. Attach in any way some 
small weights to one of the hooks, e.g. one of 3 units (pounds, ounces, or 
grams, or any other convenient unit) on the hook distant six divisions from 
the centre. That side of the 1 od will be drawn down, but on putting an 
equal weight at an -equal distance on the other side, the counterpoise will 
be restored and the rod brought back to its original position. Notice the 
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'^11 indicated on the spring balance. Remove the two sets of weights, and 
them both from the centre division. The spring balance shows 
^t tne pressure of the bar upon its support is exactly the same as in the 
lormer case. ^ We therefore see that two forces of three units each acting 
in parallel directions — in this case vertically downwards — on a bar have a 
combined effect of six units acting in the same direction. Vary the experi- 
m^t by attaching two or three sets of different weights to the hooks at 
dmerent distances on each side of the centre so that the bar may keep 
horizon^, Note .the pull on the spring balance, and then hang them all 
on to the centre hook. A gain it will be found that their combined effect 
IS the same as before. 

Therefore the resnltayit of a numbei' of like parallel forces is 
numerically equal to their swn^ and acts in the same direction as 
the foires themselves. 



Let us now consider the case of unlike parallel forces, and 
endeavour to prove that — 

(1) The resultant acts in the same direction as the greater 
of the two sets of forces. 

(2) It is equal to their difference. 


Experiment i‘8. — Fit up the apparatus as in the preceding experiment, 
but turn one of the hooks upside down. Attach a weight to this hook by 
a string passing over the pulley. The effect of the pulley, as we shall after- 
wards show, is merely to allow the weight to act upwards upon the rod, and 
does not alter its magnitude. Let a force of 2 umts, for example, act in an 
upward direction on the sixth hook from the centre, and hang on to the 
other hooks any suitable weights so as to keep the bar horizontal, as shown 
in the figure. Subtract from the sum of the weights acting downwards, 
the weight whose force is directed upwards, and it will be found that 
their difference is their combined effect on the rod, as indicated by the 
baJance, after the weight of the rod has been allowed for. 

This proves that, as stated above, the resultant of unlike 

r E 
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parallel forces is numerically equal to the sum of those which act 
m one direction^ less the sum of those which act in the opposite 
direction. 

39. Machines. — A machine is an instrument by means of 
which a force can be applied at one point so as to overcome a 
weight or resistance at another point. This is done either (i) 
by means of a solid body which is movable about a given point, 
or (2) by means of a flexible band or string, or (3) by means of 
a hard inclined surface. 

The simple machines, therefore, are (i) the lever, (2) the 
pulley, and (3) the inclined plane. 

A machine may be considered to be acted upon by two 
forces — 

(1) An external force applied to work the machine j this is 
called the power. 

(2) A resistance to be overcome; this is called the weight. 

Ay 


Fig. 25. 



It is usually the object of a machine that a small power 
shall overcome a large resistance or weight. 

40. The Lever. — A lever is a rigid bar capable of turning 
about a fixed point called the fiilcm 77 i. The fulcrum may be 
an axle passing through the lever, or an edge upon which 
it rests. The portions of the lever measured from the fulcrum 
to the power and weight respectively are called the arms of the 
lever. 

Expenment 19. — Make a lever by balancing a stiff lath upon the edge 
of a tnangular prism, cutting a small grove on the under surface of the lath 
to enable it to rest more firmly on the edge of the prism. (A lever may 
\ also be made with a lath or ruler by boring a hole through its centre so 
\ that the rod will remain horizontal when suspended on a nail passing 
"through the hole.) 

\ Place or suspend a four-ounce weight, for example, on one side of the 
lever, and then restore the balance by placing or suspending an equal 
weight\on tbe other side. It will be found that the two weights are at 
equal distances from the fulcrum, i.e. that the two arms of a lever are equal 
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when the power equals the weight. Now talce an eight-ounce weight and 
place it at a short dikance on one side of the fulcrum, and find the position 
on the other side at which the four-ounce weight will balance it. The 
distance of the four-ounce weight from the fulcrum will be found to be 
double the distance of the eight-ounce weight from the fulcrum. With a 
twelve-ounce weight, the distance of the mur-ounce weight will be three 
times that of the larger weight. We thus prove that when the lever is in 
equilibrium — 

Balancing force X its perpendicular ) _ f weight X its perpendicular dis- 

distance from fulcrum ) | tance from nilcrum 

This may also be expressed thus : The product of the pou>e 7 - ard its 
arm is equal to the product of the weight and its arm. 

Expenmen t 20 . — Pivot a lever upon a nail as shown in the figure, so 
that PC is twice WC. Place a w^eight 
of I lb. at P, and balance it with a | 

force or pull of 2 lbs. at W. Disturb T 

the lever from its horizontal position pi 

of rest, and find the lengths of the i 
small arcs described by the ends of \ 
each arm. The arc Vp will be found \ 
to be t\\dce the length of the arc Ww. 

Try the experiment with one arm 
thrice the length of the other. It 
will be found that the lengths of the two arcs are always in the same 
proportions to each other as the lengths of the arms. We thus see that — 

Power X space it passes through = weight X space it passes through 

Now, work is measured by the product of the force into the distance 
through which the resistance is moved in the direction of the force. Hence 
we see that in the lever, as in every other machine — 

Work expended = work obtained 



We now see clearly why it is possible to move great weights, 
or overcome other great resistances, by a lever when we exert 
a small force through a great distance in order to move the 
weight through a small distance. But “ what is gained in power 
is lost in speed,” since the small force must move through its 
great distance in the same time that 
the weight is moved through its ^ 

small distance. / A 

Example . — A block of stone weigh- I— — . V ~ 

ing 2^ cwt. is to be raised 3 inches by a 
crowbar feet long. Suppose a fulcrum ^ 7 * 

placed os in the figure, 7 inches from one 

end of the lever. Find the force required at the other end to raise the 
stone, and the distance through which the force must move. 
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By the principle of the lever — 

Power X af ~ weight X b/ 

ue. P X (42 - 7 ) = 280 lbs. X 7 

, - . 280 X 7 11 

Z.C. P =: 35 ~ 

Again, power X distance moved through = weight X <Hslaiu e moved ; 

t,e. 56 X D = 2S0 X 3 

j.t\ D = =: 15 inches 

50 

41, Tlie Three Classes of Levers.— Levers arc usually 
divided into three classes : 

(i) The fulcrum (F) between the force (power) and the 
weight (resistance). 



Fig. 28. — Lever of first orxter Fig. ao. — Levor of mtoju I 

(fulcrum in the middle). (weight in iht; inuhllr^. 


(2) The weight (W) between the power and the fuli'nun, 

(3) The ponder (P) between the weight and the fuhrnun. 
(The order of the letters 1 % W, V 

gives the middle position in cuhr t>f 
die three classes.) 

In all cases the rule alrt^atly givon 
^ . holds good : The product of lint jiowtT 
into its ami is equal to the jiroduct oi 
the weight into its arm, 'i'liis rule 
may be called the principle of /Ac hrer. 
As examples of the fust c:la.ss may 
be mentioned a common halaiK'o, which 
is a lever with equal arms (Fig. 31), a poker rcstin;^ on the 
bar to uplift the coals, a crowbar moving a resistance at 
its end and resting on a fulcrum near the end (Fig. 27), a 
pump-handle. A pair of pincers is a double lever of the first 
dass. In gripping a nail or other object witli them, the 
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common hinge is the fulcrum. In drawing a nail, the instru- 
ment is often made to rest on one shoulder as a fulcrum. A 
pair of scissors is also a 

double lever of the first ^ ^ t? 

class, the fulcrum being 
the rivet at the hinge, 
and the object to be cut 
being the weight or re- 
sistance. 

As examples of the ^ 

second class may be men- 

tioned a cork-squeezer Fig. 31.— Balance with equal ariiirt. 

(Fig. 32), a crowbar with 

the point on the ground, a wheel-barrow (Fig. 33), and the oar 
of a boat. In this last case, the power is applied at the 



handle, the weight is the boat moved by the pressure at the 
rowlock, and the fulcrum is the water against the blade 



Fig. 34. 


'Fig. 34). A door moved on its hinges is also a lever of the 
lecond class. The power is applied at the handle, the resistance 
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is the mass of the door itself acting at its centre of gravity, the 
fulcrum is the hinges. A pair of nut-crackers may be regarded 
as a combination of two levers of the second class. 'Phe 

common fulcrum is the pin 
or pivot at one end, the 
resistance is the nut to be 
cracked, and the power is 
the force of the hand 
exerted at the other end. 

As examples of the 
third class of lever.s, where 
the power is exerted between the fulcrum and the resistance, 
may be mentioned a pair of tongs (Fig. 35), and a i)air of shears. 

Another interesting example 
is the fore-arm used in lift- 
ing a weight. Here the 
fulcrum is the elbow-joint, 
the resistance is the weight 
in the hand, and the j)ower 
is the force a])plied by a 
muscle attached to a lume 
of the fore -arm (Fig. 36). 

42. Mechanical Advan- 
tag'e. — The mechanical advantage of a machine is the ratio 

of the weight to the power, i.e, the fraction — 

power 

It may also be obtained by dividing the .space moved 
through by the power by that moved through by the weight or 
resistance, eg. in using a crowbar, if the end where the power 
IS appHed is moved through 2 feet whilst the other end, placed 
under a block of stone, moves through 3 inches, the mechanical 

f = 8, /... a pressure of 20 lbs. would 

lift a block of stone 20 X 8, /.<■. 160 lbs. in weight, though 
exactly the same amount of work (40 foot-pounds, par. 40) has 
been done at each end of the bar. 

In calculating the mechanical advantage of a lever, wc may 
consider the lengths of the arms instead of the distances moved 



Fig. 36. 
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through by the power and resistance, for it is obvious that 
the latter are dependent on the former. Thus, if the power 
arm is twice as long as the resistance arm, the power will move 
through twice the space as the resistance when the lever is in 
use. In the case of a lever, therefore, we may say that — 


The mechanical advantage = 


length .of the power arm 
length of the resistance arm 


Example ,— a lever of the first order, which is used to raise a stone 
iFig. 27), the distance of the power from the fulcrum is 5 feet, and that 
of the resistance is i foot. What power would be required to move a 
weight of 40 lbs. ? 

Here mechanical advantage = = 5 j ^ power of i lb. would 

move a weight of 5 lbs. ; therefore to move a weight of 40 lbs. a power of 
40 

t.e, 8 lbs., would be required. 

In a lever of the first kind there may or may not be a 
mechanical advantage according as the power-arm is longer, equal 
to, or shorter than the resistance arm ; in a lever of the second 
kind there must be a mechanical advantage, since the power is 
always further from the fulcrum than the resistance ; whilst in a 
lever of the third kind we get a 7 nechanical disadvantage,^ since the 
resistance is at the end, and therefore moves thK)Ugh a greater 
space than the power. Hence in the third kind the power will 
always have to he greater than the resistance ; and therefore 
this kind of lever is only used for convenience' sake where the 
resistance to be overcome is small. 

43. The Pulley. — A pulley consists of a circular disc of 
wood or metal called the sheafs having a grooved circumference 
or edge, which can turn freely about an axle passing through 
its centre. The axle is supported by a framework called the 
block. In the groove a cord is placed, to one end of which 
the power is applied, whilst the other end is attached to the 
resistance to be overcome. Pulleys are of two fixed 

pulleys and movable pulleys, A fixed pulley is one which is 
attached to some support, such as a beam, so that the pulley 
as a whole does not alter its position. On the other hand, a 
movable pulley, as its name implies, is one which itself moves 
as the power is applied. It is supported by the cord, and 
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supports the resistance, 
single fixed pulley. 


Let us first consider the case of a 




/iV\ 




jExperimmt 21.— Fit up a single fixed pulley as shown in the figure. 

It will be noticed that the power as indi- 
cated by the spring-balance is exactly 
equal to W, the weight, when there is 
equilibrium. Since the power moves 
through the same distance as the weight, 
ns is seen by raising the weight, it follows 
from this, also, that a single fixed pulley 
gives no mechanical advantage. In raising 
heavy weights it is often much more con- 
venient to apply the force downwards, 
and it is for this reason that fixed pulleys 
are often used. The tension or pull on 
a cord is therefore unaltered in mogni- 
. tude, but merely changed in direction, by 

^ using a fixed pulley. 




Fig. 37. — A singh fixed pulley. 






Now perform the following ex- 
periment to illustrate the use of a 
single movable pulley : — 

Exp^rivimt 22. — Fit up a single movable pulley as shown in the figure, 
either without or in connection with a single fixed pulley. In both cases 

it will be found that the power 
required to hold the weight is 
//////////////z///////,/////////^^^^ Sf f weight feelf. 

//y bmce both parts of the stnng on 
each side of the pulley bear an 
equal share of die weight, it 
follows that the tension or pull 
in one part is only one-half that 
of the weight, as is shown by 
the spring-balance. That this 
is so is also evident from the 
fact that in this case the power 
moves through twice the distance 
that the weight does, and there- 
fore the mechanical advantage 

ij 2 p = jw. 

\ power / ’ * 

1 r T shouM bc Hoticed that in this 

/'TS III case we neglect the weight of 

the pulley. If the pulley itself 
is heavy, it increases the resist- 
ance to be overcome, in which 
case the power required will be 
one-half the total resistance or 

Fig. 38.— a single movable pulley, wei^t. 

Two movable pulleys would 

give a meehanical advantage of 4, and so on. 
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ExampU ^ — In a single smooth movable fulley, if the weight of the 
pulley be i lb., find the force required to raise a weight of 7 lbs. 

Here the total weight is 7 + i, 8 Ihs. . , 1 « • n 

Hence the force required to support the weight would be §, 4 

because in this case the power is half the weight. If the power, then, be 
a little more than this, the weight will be raised. 

Ansive}'. Just over 4 lbs. 

When the weight of the pulley is not mentioned, it need 
not be taken into account. 

44. The Inelined Plane. — An inclined plane in mechanics 
is a smooth hard plane fixed in a position inclined to the 
horizontal. It can be re- 
presented by a right-angled 
triangle, ABC. The hori- 
zontal side BC is called 
the the vertical side 
AC is called the height^ 
and the hypotenuse AB is 

called the length. The ^ 

angle ABC is the inclina- _ . . „ • u ^ t 

tion of the inclined plane 

to the horizon. Let us consider the forces in action when 
a smooth heavy body, O, is supported on the incline AB. 
Now, O is in equihbrium under the action of three forces : 
(i) the weight of the body acting vertically downwards througl'i 
its centre of gravity j (2) the force P acting along OP parallel 
to the length of the plane ; (3) the resistance of the plane OQ, 
which acts at right angles to its length. We can find the 
proportion of these three forces to each other by experiment ^ 
or by reasoning. The proportion of the power to the weight is 
the most important of these relations, and experiment proves : 
When a weight is kept at rest on an hiclined plane by a power 
acting parallel to the plane., the power is to the weight hi the same 
propoi'tmi as the height of the plane is to its length. 

This may be expressed thus : 

Power _ height of plane 
weight ^ length of plane 

* The experiment may be performed by attaching a spring -balance to 
smooth cylinders of various weights on an inclined plane which can be set 
at different inclinations to the horizontal. 
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BxampU . — Suppose the power to act parallel to the plane, and that 
the height of the pl^e is 15 inches, and that its length is i yard, what 
power would be required to support a weight of 65 lbs. ? 

Substituting the given values in the above equation, we get — 

Z_i5 

65 -36 


Retumii^ to the three forces in equilibrium when the body O is at 
rest on the inclined plane, we will show how their relations to each other 
may be established by reasoning. By producing QO and drawing 
parallel to P, we obtain a triangle, EOD, whose sides are parallel to the 
directions of the three forces. Now, we ]:now that if three forces acting' 
on a body keep it in equilibrium, and a triangle be drawn having its sides 
parallel to the lines of action of the forces, the sides of this triangle will be 
^oportional to the forces. Hence (Fig. 39) the power is to the weight in 
me same proportion as ED is to EO. But by measurement or by Euclid, 
it can be shown that the triangles ABC and EOD are similar^ and that 


therefore the corresponding sides are proportional, i.e, ^ Now, 

P ED 

~ therefore the force P is to weight W as side AC is to side 

P AC W X AC. 

ab, = = — 


The same fact is expressed by saying that the mechanical 
advantage of an inclined plane is represented by the ratio— 

length of plane 
height of plane 

which is equal to — 

distance moved through by power 
distance moved through by resistance 

A road up a hill is the commonest example of an inclined, 
plane, and the gradient or slope of the road is often expressed 
thus : I in 50, i.e. in every 50 feet of length the road rises 
I foot in height, or, hi other words, if the plane were 50 feet 
long, its height is i foot, and therefore the mechanical advan- 
tage is 50, whatever the actual length of the road 

might be, 

Bxant^le.- the force required to roll a cask weighing 7J cwt. up 

a plank 12 feet long into a w^gon 3 feet high. 

From the equation showing the relation of the power to the weight. 

we get— 
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Z = 3. 
7J 12 

_ 'I \ 


= 210 lbs. 

45. The- Screw. — This machine consists of a circular 
cylinder or roller with a uniform projecting ridge or thread 
running spirally round the surface, 
the thread always making the s,ame 
angle with lines drawn parallel to 
the axis of the cylinder. The screw 
thus formed fits in a block through 
which is bored a hollow cylinder 
(Fig. 40), into which the thread of the screw works. This 
block is called the companion screw or nut. The student may 
form a good idea of the construction of a screw by considering 
it made as follows : — 

Let there be a rectangular piece of paper whose base is Ka 
and sides AD, ad. The base hn is to be equal to the circum- 



Fig. 40.— Screw and nut. 



Fig. 41. (^From Geldard's Dynamics.') 


ference of the cylinder round which the paper will be wrapped. 
Cut oW equal parts AB, BC, CD, ad, he, cd, etc. Join Kb, Be, 
Cd, etc., and bisect the lines at ec, y, 2, etc, (Fig. 41). Fold 
the rectangular piece of paper round the circumference of the 
cylinder ; then b coincides with B, e with C, d with D, etc. j 
and the points x, y, z, etc , are on the opposite sides of the 
cylinder (Fig. 41). The lines Ab, Be, Cd will form a continuous 
spiral line round the cylinder. If this spiral line projects, it 
will be the’ thread of the screw. This thread will clearly be 
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inclined at the same angle to all lines on the surface of the 
cylinder which are parallel to its axis. 

The pitch of a screw is the distance between one surface of 
a thread and the similar surface of the next consecutive tlu'cad, 
the distance being measured parallel to the axis. In Fig. 41 
the height ah gives us the pitch of the screw. One turn of the 
screw will make it advance a distance equal to its pitch. 

In using a screw, the power causes it to revolve in its nut 
and to overcome the resistance or weight acting at the end of 
the screw. The relation of the power to the weight may be 
thus expressed : 

P ^ pitch 

W ~ circumference of screw 

In practice, however, the power is usually applied horizontally 

c 



Fig. 42.— a screw-press. (From Magnus' Lessons in Elementary Mechanicsi) 

at the end of a handle or lever fixed to the screw, and the 
power then moves through a distance equal to that of the 
circumference of the circle through which the handle moves. 
The relation of the power to the resistance is then expressed 
thus : 

P _ pitch of screw 

W ” circumference of circle through which end of handle moves 

power will be required to sustain a weight of i cwt 



The Screw. 


6i 


upon a screw whose pitch is ^ inch, and whose lever arm is 21 inches from 
the centre of the screw-cylinder ? 

Here we first find the circumference of the circle through which the 
handle moves. Since the circumference of a circle is times the diameter, 
^d the difemeter is twice the radius or lever arm, the circumference required 
is2iX2X3^=i32 inches. Hence we get — 

£ 

W 132 

132 

By making the pitch of the screw very fine, and using a long 
arm to apply the power, an enormous mechanical advantage is 
obtained, though in use a great deal of the power is spent in 
overcoming friction. 

There are many useful applications of the screw, e.g. the 
screw-jack used for lifting great weights, and the common 
screws used for fastening parts of wood , together. In the 
co mm on screw the threads are thin and sharp, and make 
grooves for themselves as they penetrate the wood. A screw 
is also often used, not to support a weight, but to exert a 
pressure. Fig. 42 illustrates what is known as a screw-press, 
where AC and BC are two lever arms, CD the cylinder of the 
screw, and E the nut. 

45(2. Friction. — In all macliines some of the force exerted is lost by 
being used up in overcoming the friction of the parts that come in contact. 
Friction,’ or the rubbing of one surface upon another, is due to the roughness 
of the surfaces in contact and to the pressure between them. What are 
called smooth surfaces are found to have small projections and depressions, 
and the projections of one surface meet those on the other surface, thus 
hindering motion and developing heat. We may lessen friction in several 
ways. Polishing the surfaces wears away some of the projections. Oiling 
the surfaces lessens friction by filling up the depressions and keeping the 
surfaces a little apart. If we reduce the area of the surfaces, friction is also 
lessened. This is done in bicyles by using "ball bearings,” for at any 
moment there is but little of one surface touching the other. 

But friction has also its advantages and uses. The friction between our 
shoes and the floor enables us to use our muscular force in walking. On 
smooth ice, where the friction is so much less, we soon feel the loss of this 
useful friction. Without friction we could not 'cause a belt or rope to 
transmit powder from a shaft to a wheel, nor could we stop a carriage ■with 
the brakes. 



CHAPTER VI. 

CENTRE OF GRAVITY, 

46. Centre of Q-ravity. — We may consider any body to be 
made up of an immense number of small particles, and we 
know that the attraction of the earth on each particle acts in 
a straight line perpendicular to the horizontal plane. These 
forces act towards the earth’s centre, and may therefore, for 
all practical purposes, be considered to be like parallel forces. 
The resultant of all these forces is equal to their sum, and acts 
in the same direction at some definite point of the body 
(par. 38). This resultant is called the weight of the body. 



We may thus consider the whole weight of the body to be 
collecte4 at a certain point ; and every mass, whatever be its 
shape, has such a point, to which the name oi centre of gravity, 
or centre of mass, is given. The centre of gravity of a body is, 
therefore, that paint of it at which the whole weight of the body 
may always be supposed to act, 

A practical way of finding the centre of gravity of a body 
is illustrated in the following experiment : — 
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Exj>erimmt 23. — Take an irre^ar sh^t of metal, cardboard, wood, 
or slate, and bore two holes throng it anj^where, as at P and Q (Fig. 43). 
Suspend the plate by hanging it up on a nail through one of the holes (or by 
passing a string through the hole and fastening the string to the nail). By 
means of a plummet (Fig. 3), mark on the plate the vertical direction from 
the hole P, Again suspend the plate, but this time from the hole Q, and again 
mark the vertical as before, after allowing the plate to come to rest. Each 
time the body is at rest or in equilibrium under the action of two forces, viz. 
its weight acting vertically downwards and the resistance of the nail. These 
two forces must therefore be equal and opposite, and consequently the 
centre of gravity must lie somewhere in the vertical PW drawn from the 
point of support. By a similar reasoning, in the second case the centre of 
gravity must also lie in the vertical Q W, and therefore must be at the point 
of intersection G of the lines PW and GW. Now hang the plate up by 
a third comer, and show that the vertical again passes through the centre 
of gravity. 

It should be noticed that the definition of the centre of 
gravity does not say that it is a point hi a body, because it 
often lies outside the substance of the body. ^ 

Experiment 24. — Take a flat ring or hoop and suspend it from two 
different points, marking the vertical from each point of suspension by 
means of two thin threads tied across 
the ring. Th^ point of intersection 
of the threads is the centre of gravity 
of the ring, and this point is not 
inside the substance of the ring at all. 

As a body will balance if it be sup- 
ported at its centre of gravity, it 
will be found that the ring may be 
balanced at the point of intersection 
of the threads. 

This method of finding the 
centre of gravity can be applied 
to any body consisting of a 
framework, as a bent wire, a 
skeleton cube, or a chair. It 
is not, however, applicable to 
many solid bodies, as we are unable to get inside to draw the 
verticals, 

47. Centre of Q-ravity of Symmetrical Bodies of Uniform 
Density. — Every symmetrical body is composed of geometrical 
parts similarly related to one another, and the centre of gravity 
of such bodies is always the geometric centre ; thus the centre 
of gravity of a uniform straight rod is at its middle point, that 
of a sphere at its centre, that of a square or rectangle at the 
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intersection of its diagonals, that of a cylinder at the middle 
point of its axis, that of a circular plate of uniform thickness 
at its centre, and so on. 

-48. Oonditions of a Body remaining at rest on a Surface. 
— Since the centre of gravity is the point where the whole 
action of gravity on a body is concentrated so that its weight 
acts vertically downward from this point, it follows that when- 
• ever the vertical from the centre of gravity falls within the base 
of support, the action of gravity on the body will be counter- 
balanced, and the body will remain at rest. If the vertical 

from the centre of gravity falls 
without the base of support, 
gravity is not counterbalanced, 
and the body wiU overturn (see 
Figs. 45, 46, where G indicates 
the centre of gravity, and GW 
the vertical direction in which 
the weight acts). Such a struc- 
ture as the leaning tower of Pisa 
remains standing because the vertical from its centre of gravity 
still falls within the base of support. By the base of support 
is meant the area enclosed by a string drawn round the points 
where the body touches the supporting surface. In balancing 
a stick resting by one end on a finger, the base of support is 
very small, and the difficulty is to keep the centre of gravity 
of the stick vertically over this base. The smaller the base 
of support the less the displacement that causes the vertical 
to fall outside it, and vice verst. 

When a man stands on both feet, his base of support is the 
area included within a string passing round his feet Has 
centre of gravity, situated near the middle of the lower part of 
his trunk, falls within this base when standing upright. With 
a sack of flour upon his back, he must lean forward to bring 
the new centre of gravity of himself and the flour over the base 
of support j with a bucket of water in his right hand, he leans 
his head and body to the left for the same reason. 

Again, if the centre of gravity of a body is relatively high^ 
it is in greater danger of being overturned than when it is low, 
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for a slight displacement will then sooner bring the centre of 
gravity to a position in which the vertical from it falls outside 
the base of support. The heaviest parts of an object should 
be kept lowest to ensure the most stable equilibrium. 

A cone resting on its base returns to its position if but 
slightly disturbed, for a slight disturbance raises its centre of 
gravity, and the centre of gravity always seeks the low^est 
position owing to the fact that its weight acts vertically down- 
wards. A suspe 7 ided body always takes up a position so that 
its centre of gravity is vertically beneath the point of support, 
and if it be moved from this position, its centre of gravity will 
be raised, and it will fall back again if free to do so. 

A cone balanced on its apex has its centre of gravity in 
the highest position possible and but a small base of support, 



Fig. 47. 

so that it falls with the slightest disturbance. The positions 
of the cone in Fig. 47 illustrate three conditions or states of 
equilibrium. 

In the first case, where the centre of gravity is in the Icwcst 
position possible, the body is said to be in stable equiUhrinvi ; 
in the second case, where the centre of gravity is in the highest 
position possible, the body is said to be in unstable equilibriian. 
A body like a sphere or a cone resting upon its side, which 
remains at rest equally in any position, is said to be in neutral 
equilibrium. 

In the case of hi)o bodies, w^e could ascertain their centre 
of gravity if we connected them with a rigid straight bar, and 
then found the point in the bar where they would balance. 
With two equal globes this point would be midway between 
the two. If one were heavier than another, the centre of 

F 
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gravity would be nearer the heavier in the ratio of its greater 
weight, and were one much heavier than the other, the centre 
of gravity would be within the larger. This is the case of the 
sun and the earth, the sun’s mass being so much greater that 
the common centre of gravity of the sun and earth is very near 
the sun’s centre. 

Example i.— Why is it more difficult to carry a parcel of 28 lbs. with one 
hand than to carry two parcels of half the weight, one in each hand ? 

A man carrying a weight in one hand must lean towards the other side 
so as to keep the centre of gravity of himself and the parcel vertically 6ver 
the base formed by his feet. With two parcels of half the weight there is 
no need to alter the natural position of the body to make the centre of 
gravity fall vertically over the base. 

Example 2. — State how to find the centre of gravity of two bodies 
whose masses are given, and which are placed at a given distance apart. 

If the masses are 5 and 7 units, and they are placed 3 feet apart, how 
far is their centre of gravity from each of them ? 

The centre of gravity of two bodies is that point which divides the line 
joining tlieir centres of gravity in inverse proportion to their masses. 

Let A be the position of tlie centre of gravity of the body having a 
mass of 5 units, B the centre of gravity of the body having a mass of 7 units, 
and G the centre of gravity of the two bodies regarded as one mass. Then 
AG : BG : : 7 : 5 or AG will be of the distance between the bodies, and 
BG of it. The centre of gravity will therefore be of 3 feet or 21 inches 
from the centre of ginvity of the smaller body. Its distance from the larger 
body will evidently be 15 inches. 

Example 3. — Why does a tight-rope walker often use along pole ? Why 
cannot a person who keeps his heels against a vertical wall pick up an 
object from the floor ? When will a body placed on an inclined plane 
slide down, and when will it roll down ? 

The tight-rope walker uses a long pole because it enables him to bring 
the centre of gravity more quickly over his narrow base of support when it 
falls a little outside, A person with his heels against a wall cannot pick up 
a body in front of him without falling forward, because as he leans forward 
he brings his centre of gravity in front of his ha'=e of support, and the wall 
prevents him from placing any part of his body backwards so as to keep his 
centre of gravity within the base of support. The object will slide down if 
the centre of graviiy falls within tlie base of support ; it will roll down if 
the centre of gravity falls without. 
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WORK AND ENERGY, 

49. Work. — Newton’s first law of motion teaches us that 
a body at rest cannot set itself in motion, and that a moving 
body cannot change either the direction or speed of its motion,* 
and that if any of these changes take place it is a proof that the 
body is acted upon by some external force. In the language 
of science, a force is said to do work on a body when it pro- 
dtices or mamiains motion of any kind against resistance. Merely 
supporting a weight is not doing work, for there is no motion 
produced. Under the term “ motion ” we must understand the 
visible motion of sensible masses as well as the invisible motion 
of the particles of a body. Hence, as will be understood better 
after other chapters have been read, heat produces motion and 
does work by moving the particles of a body so as to make it 
expand, and the electric current does work when it decomposes 
water or any other compound body. Work, therefore, in its 
widest sense, is the production of visible motion against resist- 
ance, or the production of any physical or chemical change. 
The mechanical work done by moving bodies against the attrac- 
tive force of the earth is the simplest kind of work, and this 
work is measured in units called foot-pounds, A foot-pound is the 
amount of work done when a weight of i lb. is raised through 
a vertical height of i foot. If we raise a weight of 45 lbs. 
through a height of 7 feet, w^e do 45 x 7 = 3^5 foot-pounds of 
work. The measure of the work done by a force, therefore, 
is the product of the force into the space through wliich the 
body is moved in the direction of the force. We may say — 
Work = force X space 

but we must be careful to remember that space means the 
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distance through which the body is moved in the line of action 
of the force. If the body be displaced, not in the direction of 
the line of Action of a force, but at some angle of inclination 
to it, then the distance in the line of action of the force must 
be calculated or obtained by geometrical construction. When 
a heavy body is raised along a smooth inclined plane, the work 
done against gravity is measured by the product of the force 
into the vertical height of the plane, for gravity acts vertically 
downwards (par. 46). If a body be moved along a horizontal 
plane, no work is done against gravity, but work is done against 
the resistance of friction. 

As just explained, there are many other kinds of work 
besides that of moving - heavy bodies. Breaking a stick or 
tearing paper is work done against the resistance of cohesion \ 
heat does work upon a body internally by causing its molecules 
to have a more rapid vibratory motion, and externally by 
causing it to expand ; and an electric current does work when 
it overcomes the force of chemical attraction and decomposes 
water into oxygen and hydrogen. 

50. Energy . — Eneigy is the power of doing work possessed 
hy any body or system of bodies ; that is, it is that condition of a 
body which makes it capable of overcoming resistance of any 
kind. A body may possess energy either because it is in 
motion, or because it is in a position of advantage in con- 
sequence of work tliat has been spent upon it to place it in 
that position. A falling weight possesses the power of doing 
work, and has therefore energy, for it can move wheels or break 
asunder the particles of a sheet of glass on which it falls. 
Consider now a weight of 14 lbs. on the floor; it has no power 
of doing work, and is therefore devoid of energy. Now lift 
it up and place it on a shelf 10 feet high. In doing so work 
has been done upon it, but the work is not lost ; it is stored 
up in the stone, and will be given back when the shelf is with- 
drawn and the stone allowed to descend. The stone on the 
floor had no energy, but the stone even at rest on the shelf had 
energy, for work had been spent upon it, and it was kept in its 
position of advantage only by the shelf preventing the action 
of gravity. The energy possessed by bodies is tljerefore in 
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one of two forms or states : {a) Energy of motion, called also 
Kinetic or Actual Energy ; {b) energy of position, called also 
Potential or Static Energy. 

The kinetic energy of a body is its power of doing work 
in consequence of the actual motion of the body or of its 
molecules. 

The potential energy of a body is its power of doing work 
in consequence of its position of advantage, or the position of 
advantage of its molecules. 

A coiled spring possesses potential energy in consequence 
of the position of advantage relative to each other occupied by 
the coils ; while, when uncoiling and setting wheels in motion, 
the energy of the spring is kinetic. 

51. Examples of the Kinetic Energy of Visible Motion.— 

Experiment 25. — Place a small weight ou a piece of tissue paper 
stretched across a ring. The weight presses on the paper, but has not 
enough energy to tear it. Raise the weight about 2 feet and drop it, and 
its energy of motion now overcomes the resistance of the paper, and there- 
fore does work. 

In a similar way we shall find that a thread which will 
support a weight at rest will be broken by the increased energy 
of the falling weight attached at one end, and that the energy 
of visible motion possessed by a fallmg weight fastened by 
a string to a spring-balance extends the spring of the balance 
more than when the weight hangs without motion. Other 
examples of kinetic energy are found in moving water that is 
able to turn a mill-wheel, in a vibrating tuning-fork that is 
setting the air in motion and so sending sound-waves through 
it, in a heated body whose vibrating molecules send out waves 
of radiant energy that set air in motion or. turn water into 
vapour. All moving masses or moving molecules possess 
kinetic energy, that is, a capacity to do work in virtue of their 
motion. 

52. Examples of Potential Energy.— AVlienever a, body is 
raised to a height against the action of gravity, it possesses in 
its elevated position a stored-up power of doiiig work termed 
Potential Energy, or Energy of Position. This is the condition 
of a raised weight or a head of water in a reservoir. Similarly, 
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whenever a body is in a state of strain in consequence of work 
done upon it it possesses, in consequence of the position of its 
molecules, potential energy. A coiled or stretched spring, 
a mass of compressed air in a gun, and a bent bow all possess 
potential energy, for they are all in a position to do work. 
As the body at a height falls to a lower position, or as the 
strained body recovers its size and shape, its energy becomes 
kinetic, and it gives up again the work that has been done upon 
it in order to place it in its position of advantage. 

53. Transference of Energy.— Energy is often transferred 
from one body to another. When a body in motion strikes 
another at rest, a part of the motion possessed by the first body 
is transferred to the second, that of the first body being pro- 
portionately diminished. Kinetic energy or energy of motion 

has therefore been trans- 
feiTed from one body to 
another. 

Experiment 26. — Sus- 
pend from two parallel bars 
attached to a pillar E a row 
of ivory balls so as to be in 
contact. Raisfe one of the 
balls, A, and let it strike 
against its neighbour. Its 
energy of motion is at once 
given up to the ball which 
it strikes, and this energy is 
immediately transferred to 
the next, and so on through 
the row imtil the last, B, 
having no body to which 
to communicate its energy, 
moves off with the velocity 

Fig, 48. — Transference of energy through of A (Fig. 48). 

elastic balls. _ . . 

Potential energy may 

also be transferred from one body to another. A coiled spring, 
may be made to raise a weight, and in so doing the spring 
loses potential energy, and the raised mass gains it. 

Again, the potential energy of one body is often passing to 
another and becoming changed into kinetic, or vice versd. 
Examples of this transference and change will shortly be seen. 
It must be noted that in these transferences of energy there 
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Forms of Energy, 

is no loss of energy, only a change of form. A body hurled to a 
certain height possesses at its highest point no energy of motion 
(kinetic energy), but it possesses energy of position (potential 
energy) just equal to the energy of motion that sent it up. 
When it falls down it reaches the ground with the same speed 
as it started its upward motion with, and during its fall it could 
furnish the same amount of work as was expended in raising it. 

54. Heat is a Form of Energy. — Heat is a form of energy 
due to some invisible motion of the molecules of a body among 
themselves, and not of the body as a whole. When a falling 
body strikes the ground its visible kinetic energy disappears, 
but it has not been lost. It has been converted into the energy 
of heat and the energy of sound, and the sum of these different 
forms of energy is equal to the whole visible energy of motion 
possessed by the stone when it strikes the ground. The energy 
of sound consists of moving particles of air, but the energy of 
heat consists in increased motion of the molecules of 
the body manifested as increase of heat. Since this 
invisible molecular motion called heat is able to per- 
form work, we call heat a form of kinetic energy. 

. As examples of the transformation of the .visible 
energy of motion into heat, the following experiments 
may be performed : — 

Experimeitt 27. — Hammer a piece of lead smartly several times 
upon an anvil, and test the temperature of the lead and the 
hammer before the experiment and after. An increase of tempera- \\ 
ture can be detected by means of a thermopile and a galvanometer. ^ 

An iron nail may be hammered until its rise of temperature can 
easily be felt. 

Experiment 28. — Place a small piece of German tinder at the 
end of a stout glass fire-syringe (Fig. 49). Now introduce the 
tight-fitting solid piston and force it down quickly. The sud- 
denly compressed air becomes so hot that the tinder is ignited. 
Mechanical motion is converted into heat. 

Many other instances of the production of heat 
through rubbing, pressure, filing, grinding, etc., might 49^— 
be given. The visible energy of motion can there- ring?.^^ 
fore be transformed into heat. 

It should also be noted that the energy of heat is often 
bemg ctjanged into the visible enei*gy of motion. Every 
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locomotive engine supplies an example of this transformation. 
As another example of the disappearance of heat when motion 
is produced, note this experiment : 

Experivieni 29. — Let air or other gas that has been compressed in a 
cylinder and allowed to come to the ordinary temperature escape against 
the bulb of a sensitive thermometer, and a fall of temperature will be 
noticeable. 

55. Electrical Energy. — Various bodies, such as sealing- 
wax, vulcanite, and glass can be brought by rubbing (ix. by 
doing work upon them) into a condition such that they attract 
other bodies near them. This condition is called electrification^ 
and the bodies are said to be electrified^ or to be charged with 
electricity. Since electrified bodies can produce motion and 
heat, they are said to be endowed with electrical energy. 

Experif/teni — Rub a piece of sealing-wax or vulcanite with a piece 

^ of dry flannel, and then bring it over some bits of light paper, straw, or 
’pith. These will be attract^ even at a short 
distance. The electrified wax does work in \ 

raising the bits, and must therefore be endowed / \ 

with energy. / \ 

Experiment 31. — Suspend a pith ball by a /I 

silk thread to a support, and bring it between an / I 

insulated metal plate joined to knob of an j 1 

electrical machine and a metal plate having ; \ 




Fig. so. — Particles attracted by a rubbed rod of glass. Fm. $1. yFrojn J tmberC s 
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metallic connection with the earth. The pith ball moves backward and 
forward between the two metal plates. 

In a charged Leyden jar we have two coatings with opposite 
kinds of electrification, and on bringing the separate states into 
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onnection, the electrical energy is transformed into heat and 
■ght as shown by the spark that passes across the connection. 

In the electric cmrent produced in a voltaic cell or battery 

cells we have electricity in motion. The electrical energy 
.f such a current is partly transformed into heat when it is sent 
hrough a thin platinum wire, for the wire offers so much 
esistance to the current that it becomes red-hot. The energy 
►f the electric current is 
-ble to produce motion in 
L magnetic needle, for if 
he wire conveying a cur- 
ent be placed over a 
nagnetic needle pointing 
lorth and south, the needle 
s at once moved so as to 
iet itself at right angles to 
he current. 

Not only does the 
energy of the electric cur- 
•ent often get transformed 
nto heat, but heat gives rise to electric currents. If we 
iolder together a piece of antimony and bismuth at one end, 
md have the free ends united by a thin copper wire, we can 
detect an electric current passing along the wire on heating 
he junction. This current would, as just stated, move a small 
magnetic needle. An instrument applying these facts, and called 
he thermopile^ can be made which will measure very small 
changes of temperature. 

56. The Energy of Chemical Action.— The carbon of coal 
ind the oxygen of the air have a certain affinity or attraction for 
each other, and this chemical attraction is a store of energy, 
the potential energy of chemical separation. When the coal is 
made to burn, that is, unite with the oxygen of the air, the 
molecules of the two substances move together, and as the 
carbon and oxygen unite, the energy becomes kinetic or active, 
and the potential energy stored in the fuel soon becomes trans- 
formed into light and heat. When gunpowder explodes and 
sends oi^t a 50-lb. ball from a cannon, the energy of chemical 
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action resulting from the union of the ingredients of the powder 
is converted into the mechanical energy of visible motion. In 
a later chapter we shall have many more examples of the energy 
of chemical action. 

57. Radiant Energy. — The molecules of a heated body 
are in a state of rapid vibration, and are constantly communi- 
cating some of their energy to the surrounding and all-pervading 
ether. This energy is carried along the ether by means of 
vibrations or waves, and these ether-waves may either be again 
transformed into heat, or cause the sensation of light, or give 
rise to certain chemical actions. Energy transmitted as vibra- 
tions of the ether is called radiant energy, and the process of 
transmission is often called radiation. What is spoken of as 
radiant heat and light are forms of radiant energy (see pars. 
72 and 80). 

57a. Transformations of Energy.— It is evident, from what 
has been said, that one form of energy is often being transferred 
or converted into another, and it is not difficult to put together 
a series of interesting transformations. The potential energy 
of cold fuel is changed as it unites with oxygen during burning 
in a furnace into the energy of invisible molecular motion called 
heat ; the heat energy of the burning fuel passes into water and 
changes it into steam ; the energy of the steam sets in visible 
mechanical motion a piston and its connected machinery ; the 
moving machinery may drive a dynamo and produce ’electric 
currents; and the electric currents may make white-hot the 
carbon filament of an incandescent lamp, drive a tram-car, ring 
a bell, or cook a dinner. 

As the student progresses in his studies, those and other 
transformations will be better and better understood. But it 
is important to notice even now that the energy which is being 
dealt with passes into more than one of the other forms, and 
that the sum of these is equal to the energy applied. There is, 
in fact, no loss of energy, for energy like matter is indestructible. 
Yet in any change of energy from one form to another, some 
of it always takes the form of heat, and we cannot convert heat 
entirely into any other form, but only partially, for some of it 
is always lost to further use by conduction and radiatipn. 



CHAPTER VIII. 


HEAT, 

58. Distinction between Heat and Temperature. — If we 
add a pint of hot water to a pint of cold water, we notice that 
the mixture is cooler than the hot water was and warrder than 
the cold, or, in other words, that the temperature of the mixture 
is ‘different from the ‘temperature of the two masses before 
mixing. The quantity of heat in the mixture, however, must 
be the same as the sum of the quantities in the two masses 
mixed, for no heat has been added or abstracted. There is 
clearly, therefore, a difference between heat and temperature. 
Heat is, in fact, a form of energy that consists of vibratory 
motions in the molecules of a substance, while temperature is a 
quality of a body dependent on the quickness of this molecular 
motion. The quantity of heat in a body will therefore depend, 
upon the rapidity of molecular vibration and the total number 
of molecules which are in vibratory motion ; the temperature 
wall depend upon the speed of vibration merely. ^Vhen heat 
is transferred to a body its molecules are set in more rapid 
vibration, and its temperature thus rises. 

Temperature being a quality of bodies, we speak of degrees 
of temperature ; heat being a form of energy, we speak of the 
quantities of heat possessed by bodies. Bodies may have the 
same temperature and yet contain different quantities of heat ; 
thus, a glass of water taken from a large boiler will have the 
same temperature as that left in ^ the boiler, but the quantity of 
heat in the glass of water, which is the sum of the energy of 
its molecules, must be much less than the quantity of heat 
contained by the water left in the boiler. 

The temperature of a body is measured, as every one 



76 Elementary Physiography. 

knows, by means of a thermometer, but a thermometer will 
not directly measure the quantity of heat contained in a body. 

Experiment 32. — Heat equal quantities fsay half a pound)^of lead and 
water in the same beaker. The two will reach the same temperature, i.e. 
acquire the same intensity of molecular motion. Now place equal weights 
of cold water into two beakers, and into one put the hot lead, into the 
other the hot water. After stirring, it can be noted that the beaker into 
which the hot lead was put is at a lower temperature than that into which 
the hot water was added. It is thus proved that the amounts ’of heat 
absorbed (or given out) by equal weights of water and lead when heated 
(or cooled) through the same range of temperature are different. 

K similar difference will be found by experimenting with 
equal weights of other different materials. 

59. Effects of Heat. — The addition or withdrawal of heat 
may lead to various changes in bodies. These changes are 
(i) change of size or volume; (2) change of temperature; 
(3) change of form or state. 

60. Expansion by Heat. — The addition of heat causes, 
as a rule, substances to expand. The different solids and 
liquids expand unequally, but all gases expand uniformly and 
equally. This expansion may be considered in three ways, at 
least, in solids. When a solid expands it increases in volume ; 
but we sometimes consider the increase in length or linear 
expansion only, at other times we consider the expansion in 
area or superficial expansion, while we' may at another time 
consider its expansion in volume or cubical expansion. In 
gases and liquids we usually refer to cubical expansion only. 

The withdrawal of heat from bodies leads to contraction. 

Let us now consider the case of solids. 

Experiment 33. — Cut off a piece of stout copper wire so tbat it will 
just pass between two nails dnven into a board about 6 inches apart. 
Using a pair of tongs, heat the wire in a flame, and then try to pass it 
between the nails. Its length will be found to have increased owing to 
the heat, as it is now too long to pass between the nails. Let the wire 
cool, finally placing it on a block of ice. The wire will thus -be made to 
contract so much that it now passes between the noils more easily than 
at first. 

Experiment 34. — Obtain a metal ball of such a size that it just passes 
through a ringAvhen the two are at the ordinary temperature of the air, 
and heat it. The ball will now be foimd to have increased in volume, for 
it no longer passes through the ring. 

Different solids expand unequally for the same increase of 
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temperature. Thus zinc expands more than silver, brass more 
than iron, while glass and platinum expand less than any of the 
above metals,* but at about the same rate as each other. 

Experhient 35. — Take a compound bar of copper or brass and iron 
[i.e. a bar consistin;^ of a strip of copper or brass and iron soldered or 
riveted together), and, after hammering it straight, heat it. Notice how 
it bends owing to the unequal expansion of the two metals, the more 
expansible metal (copper) forming the outer and longer curve of the bend. 

Experimejit 36. — Strongly heat a piece of glass rod until the end 
becomes plastic and soft, and then push in a piece of platinum wire. Allow 
to cool. The wire will remain fast ir the glass as the two substances 
expand and contract equally. With any other metal the glass would either 
crack on cooling, or the wire would not remain fixed in it. 


The expansion of solids on being heated has often to be 
taken into account. Rails, for instance, are not placed close 
together, but a little space is left between their ends so that 
they may expand in hot weather wdthout meeting. Hot water 
must be poured into a thick glass vessel with great care, as the 


COLD 

Fig. 53. (^Madan's Heat."') 


inner layer may expand so much more rapidly than the outer 
layer as to crack the vessel. For a similar reason, water must 
not be heated in vessels made of thick glass. 

61. Expansion of Liquids by Heat. — Liquids, like solids, 
expand when their temperature rises and contract when it falls, 
and the amount of expansion or contraction in the case of 
liquids is much greater than in solids for the same change of 
temperature. In examining the effects of heat on liquids, we 
must remember that not only the liquid itself, but also the 
vessel which holds it, expands and contracts as the temperature 
changes. The amount of expansion observed, therefore, is 
somewhat less than the real amount, owing to the small increase 
of capacity of the containing vessel. The same is true of 
contraction. 

By filling a flask to the brim with water and then heating it, 
the watjr soon begins to flow over owing to its expansion. 
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We can show this expansion of water on heating more clearly 
by the following experiment : — 


Expennient 37. — Fill a flask with coloured water, and then put in a 
cork having about 18 inches of glass tubing passing a small distance through 
it The lube being open at both ends, the water 



is seen to rise some distance up it when the cork 
is pushed in. Ftisten a paper scale, divided into 
quarters of an inch, behind the lube (see Fig. 54). 
On warming the flask, there is at first a' slight 
descent in the tube, as the heat affects the glass 
before it reaches the liquid. Then a gradual rise 
of the water-column in tlie tube occurs, as water 
expands about twelve times more than glass fin 


the same increase of temperature. Withdraw the 
heat so as to allow the liquid to cool, and note 


the contraction that occurs. 



!Fig. — Expansion of 
liquids; a water- thermo- 
meter. 


The expansibility of other liquids may 
he shown in a similar way^ but each will 
be found to have its own rate of expansion. 
With an exactly similar flask, and tube, it 
may be shown that turpentine is more 
expansible than water, and alcohol more 
expansible than either. To give tlicm the 
same rise of tempemture the three fla.sks 
should be placed in the same disli of 
warm water. Quicksilver, or mercury, 
has only a little more than half the 


expansibility of water. 


62. Expansion of Gases by Heat.—Gases are much more 


expansible than either liquids or solids, and all gases expand to 
the same amount for a given increase of temperature. 


Experiment 38. — Fit into the neck of a small flask an indiarubber 
cork through which a niece of glass tubing passes, having its upper end 
bent down, whilst its lower end is slightly turned up. Fix the flask so 
that the end of the glass tubing dips imder the surface of water in a small 
trough, and, having filled a test-tube with water, invert it over the end of 
the tube. Gently warm the air in the flask. Notice that it expands, as is 
proved by the expelled air being collected in the test-tube. 


This experiment may be repeated with flasks filled with coal- 
gas, oxygen, etc., when the great expansibility of gases would be 
again apparent. If the flasks were all of the same size, filled to the 
same extent, and warmed thi-ough the same range of temperature 
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by putting them in the same vessel of hot water, the amount of 
expansion would be the same in ah cases. All gases, in fact. 



Fig. 55. {Provt Nnvth's Elementary P7-ttcticai ChemisiryP') 


expand of their volume 

for every increase of 1° C. starting 
from zero, while each solid and 
liquid has its own rate of expan- 
sion. By taking an empty flask and 
scale similar to one used in Experi- 
ment 54 and inverting it so that 
the end of the tube dips into a 
vessel of water, the expansion of 
air may be shown on gently warm- 
ing the flask, when bubbles will 
escape through the water. On 
withdrawing the heat, water will 
rise in the tube to take the place 
of the air expelled. Any changes 
of temperature in the confined air 
will then be shown by movements 
of the liquid in the tube, so that 
this simple instrument may be 
called an aipAhef^mometer, 

63. The Differential Air-ther- 



Fig. 56.— Au air-thermometer. 
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mometer. — A very useful fonii of air-thermometer to show the 
difference of temperature between two bodies can be made as 
follows : — 

Experiment 39*— Bend a glass tube four times at right angles, as shown 
in Fig. 57. Draw coloured water into the bend, and arrange that it is at 

the same level in eacli limb. Attach the 
ends of tlu^ tube U> two 2-07,. flasks tilted 
witli good corks. Each cork may have 
two holis, one for the glass tube nml 
one for a thin stopper of glass rod. The 
stoppers are useful for getting the liquid 
back to the same level in each tube. 
Take two bodies of different temperature, 
and put one in contact with each bulb. 
The ex|)ansi()n of the air in the warmtT 
bulb will depress the eohinm of water 
nearest to it, and raist* tlie other column. 
The (liflTerenlial aif-thennoineter is very 
sensitive, and readily indicates small dif- 
ferences of temperature of tlie air in tin* 
flasks, 

64,— The Mercurial Thermo- 
meter. — Since expansion is that 
effect of heat w'hich is most regular 
and most easily ’measured, it is chosen as the effect most suit- 
able for measuring temperature. Liquids arc taken because 
their expansion is not only regular, but modemte and easily 
observed. Mercury is the liquid most commonly employed, 
and the instrument in wdiich it is used to measure temperature 
is called the mercurial thermometer. 

To construct a mercurial thermometer we require <a glass tube 
with a fine bore and having a bulb blown at one end. To get 
the mercury to pass down the line tube into the bulb, the upper 
open end of the tube is expanded into a cup, and a little mercury 
put into this cup. On warming the bulb at the lower end, air 
is driven out through the mercury, and then some of this duicl 
passes down into the bulb. By repeating this process the bulb 
and a portion of the tube are at last filled with mercury. The 
mercury in the bulb is then heated until it boils and gives off 
mercury vapour. This drives out the remaining portion of the 
air. The bulb and tube are again heated to a point a little 
beyond the highest temperature it is intended to measure, and 



Fio. 57 — A clilTerential nir- 
tlicriiioincter. 
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^hile still hot the top of the tube is sealed by the blowpipe. 
As the mercury cools in the sealed tube it contracts, and leaves 
a. vacuum at the other end of the tube, while the bulb and a 
portion of the stem are occupied by the liquid. The thermo- 
meter now requires to be graduated, i.e. marked with degrees 
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or regular intervals. In order 
to do this it is first placed in 
melting ice or melting snow, 
and a mark made on the tube 
at the point to which the 
mercury has contracted. This 
is called the freezing-point. 

After the freezing-point has 
Toeen determined, the instru- 
ment is placed in the vapour 
of water boiling at the normal 
or standard pressure of the 
atmosphere. The mercury rises, 
and a second mark is made 
on the tube at the end of the 
mercury column. This is called 
tb.e boiliiigpoint. The space 
between these two marks is 
' tlien divided into any number 
of equal parts that may be 
chosen, and parts of equal 
length are also marked off 
some distance below the freez- 
ing-point and some distance 
above the boiling-point. These 
equal divisions are called de- 

grees, and this division of the F.O, 59.-Cen.)gr.-,de 

thermometer mto equal parts thermometer. thermometer. 

is called the g7‘adnation of the thermometer (Lat. g 7 'adns^ a step 
or degree). . In the Centigrade thermometer the space between 
the two fixed points is divided into loo equal parts, o being 
placed at the freezing-point and loo at the boiling-point. 

In Fahrenheit’s thermometer the space between freezing- 


Freezing- 

point. 
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point and boiling-point is divided into i8o equal parts, 32 being 
put at freezing-point and 212 at boiling-point. Hence in this 
thermometer the zero is 32 degrees below freezing-point. This 
is the thermometer in common use in this country. 

In both thermometers temperatures below the o arc dis- 
tinguished by having the minus sign prefixed. Thus - 6° C. 
denotes 6 degrees below freezing-point on the Centigrade 
thermometer, and —6° F. denotes 32 + 6 = 38 degrees below 
the freezing-point of Falircnheit’s thermometer. 

Since roo divisions or degrees on the Centigrade are equal 
to 180 degrees on the Fahrenheit, we see that 5 degrees C.= 9 
degrees F. Hence it is easy to see how to pass from one 
thermometer to the other. From C. to F., multiply the number 
of degi'ees on the Centigrade scale by 9, divide ])y 5, and add 
32 : F = ~C. 4- 32, From F. to C., subtract 32, multiply by 
5, and divide by 9 : C = •{f(F.-32), 

65. Reasons for employing Mercury for Ordinary 
Thermometers. 

(1) It is a liquid that can easily be obtained in a state of 
purity. 

(2) It remains liquid through a great range of temperature, 
viz. -40° C. to 350"’ C., or - 40" F, to 662^" F. 

(3) It quickly transmits heat through its substance, so that 
it soon acquires the temperature of the body with which it is in 
contact. 

(4) It requires but little heat to raise its own temperature, 
so that it affects but slightly the temperature of the substance in 
which it is placed. 

(5) It does not wet the glass envelope in which it 
is put 

The bulb of a thermometer is made large, and the bore of 
the stem kept small, so that small expansions or contractions of 
the mercury due to small changes of temperature may be readily 
noted by the rise or fall of the thin column in the stem. The 
thinness of the bulb also increases the sensitiveness of the 
instrument. 

Alcohol thermometers are used for measuring very low 
temperatures, and also for what are called minimm theimo- 
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iters. Alcohol is a liquid that has never been frozen at any 
gree of cold to which the earth is subjected. 

Air thermometers are used to measure very slight variations 
temperature, as gases expand more than liquids, and also for 
ry high temperatures. 

66. Maximum and Minimum Thermometers. — The maxi- 
mi thermometer is an instrument used for indicating the 
^hest temperature to which it has been exposed since it was 
justed. Rutherford’s maximum self-registering thermometer 
isists of an ordinary mercurial thermometer placed in an 
rizontal position, and having a small piece of steel inside the 
)e beyond the mercury. 



, 6o. — Maximum and minimum thermometers fixed homontally on a rectanp^alat 
piece of wood. maximum thermometer, containing mercury, with the index 

registering 32° C. as the highest temperature attained. minimum thermometer, 
containing alcohol, with the index registering 5° C. below zero as the lowest tempera- 
ture reached. 

As the mercury expands with increase of temperature it 
shes the steel before it, and as it contracts it leaves the steel 
the furthest position to which it has been driven. The end 
the steel nearest the surface of the mercury marks the highest 
aperature since it was last set. The instrument can be pre- 
red for another observation on bringing back the steel into 
rtact with the mercury by means of a magnet. 

The minimum thermometer is used to indicate the lowest 
aperature reached since the last observation. It contains 
ohol instead of mercury, and inside the alcohol contained in 
5 tube there is a small index of glass, with the furthest end 
iching t]>e surface of the alcohol. This tube is also placed 
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horizontally. As the alcohol contracts it carries the index of 
glass with it, but when it expands the index is left behind 
Thus the end of ihe index nearest the surface of the spirit shoivs 
the lowest temperature. The index can be again got into position 
by inclining the tube. 

Most maximum thermometers are now constructed to 
record without an index. A part of the fine tube of the ther- 
mometer is drawn out to much greater fineness. As the mercury 
expands it passes this constriction, but as it contracts it is not 
able to pass the constriction owing to friction and its cohesion. 
The mercury therefore remains at the highest point of tempera- 
ture reached since last set. The thermometer is set by holding 
the bulb downwards and giving a rapid jerk.- 

67. Uses of the Thermometer — Methods of using Ther- 
mometers. — We have seen that a thermometer is used for 
measuring the temperature or degrees of heat of substances 
brought into contact with it, but in order to do this accurately 
certain precautions must be observed. We must take care that 
the thermometer is only affected by the body whose tempera- 
ture we wish to ascertain, and that it is neither receiving heat 
from nor giving up heat to other bodies. We must also allow 
the thermometer to be sufficiently long in contact with the 
body to acquire the same temperature. Thus, to ascertain 
the temperature of a liquid we must allow the bulb and part of 
the stem to remain in the liquid for a short time. The tem- 
perature of the human body may be ascertained by placing a 
small thermometer in the mouth till it has come into thermal 
equilibrium with it. 

One of tlie most important uses of the thermometer is tc 
ascertain the temperature of the atmosphere. To do this is a 
somewhat difficult matter.” If we allow the sun to shine upor 
it, the reading will be too high. Hence, to find out the tem- 
perature of the air the thermometer must be in the shade, 
Here, however, it must not be affected by bodies colder thar 
the air, or the reading will be too Ipw. The air must alsc 
have free access to the instrument on all sides. To mee 
these difficulties, a maximum and minimum thermometer art 
often placed inside a rectangular screen made of w^^od louvrec 
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on all sides except the top, and placed on legs in an open 
space, so that the instniments are about four feet from the 
ground. They are thus protected from radiation either from 
the sun or from surrounding objects, and their readings show 
the highest and lowest temperatures since last set. 

68. Black-bulb Thermometer in Vacuo. — This is a ther- 
mometer constructed, not for the purpose of measuring the 
temperature of the air, but for measuring the intensity of solar 
radiation, or the amount of, tlie sun’s heat that reaches the 
layer of the atmosphere where it is placed. It would not 
suffice to expose an ordinary thermometer to the sun’s rays 
for this purpose, for the bright bulb would reflect and radiate 
back some of the heat that fell upon it. But when the bulb 
and part of the stem are coated with lampblack (a variety of 
carbon) the whole of the sun’s rays are absorbed. To prevent 
loss of heat from this bulb by air-currents and radiation, it is 



Fig. 6i. — S olar radiation (black-bulb) thermometer. 


enclosed in a clear glass tube with a bulb blown at the end, 
and this outer tube and bulb are exhausted of air. The 
black-bulb thermometer thus consists of a good maximum 
thermometer, having tlie bulb and about an inch of the stem 
coated with dull lampblack and enclosed in an exhausted 
glass tube. It is placed about foiu feet from the ground, and 
freely exposed to the sun’s rays. 

The ordinary rule for using the instrument is to notice 
the maximum temperature indicated during the day, and to 
compare this with the maximum temperature indicated by the 
shade thermometer. The difference of the two thennometers 
indicates the greatest amount of solar radiation during tliat day. 

6g. Exceptional lEffect of Heat on Water. — At most 
temperatures water obeys the general rule, expanding for an 
increase of temperature, and contractmg for a diminution of 
temperature, hut between 4° and 0° C. it is an exception to the 
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getter al rule. At a temperature of 4° C. it has its maximum 
density, i.e. a given volume then weighs more than at any other 
temperature. As it sinks from 4° to C. it gets specifically 
lighter owing to expanding. That water has its 
maximum density at about 4° C. can be shown by 
# means of a glass bulb containing a little mercury, 
ii adjusted that it just floats in water of about 

^ Jy 4° C. As the water is cooled or warmed below or 
above this temperature, tlie bulb slowly sinks to the 
tiG. 6a. “bottom. Let us now trace the changes in the volume 
of water as a quantity is heated or cooled. 

As before remarked, if we take a vessel of water and heat 
it, the water begins to expand until it reaches its boiling-point. 
It then passes off as vapour, increasing in volume about 1700 
times. But before it is all evaporated, take some of the hot 
water and let it cool slowly, and it can easily be shown that 
it contracts until it comes near the freezing-point, 39° F. 
(4° C.), when it begins to expand., and continues to do so until 
the freezing-point is reached, 32° F. (0° C.). Just as it becomes 
solid it again enlarges, so that ice is lighter than water bulk 
for bulk. 

The specific gravity of ice is 0*92, water being i. Hence 
it is that ice forms on the sixrface and y^ill float. 

Water has, therefore, its greatest density and least bulk at 
39 ° F. (4° C.). At 32° F. (0° C.) it freezes. Hence between 
the temperatures of 39° F. and 32° F. (4° C.-and o"* C.)- water 
behaves in an exceptional manner, expanding as the tempera- 
ture falls from 39° F, to 32° F., and contracting as the tem- 
perature rises from 32° F. to 39^ F. This exceptional behaviour 
of water between 39° F. and 32"" F. is of great importance in 
the economy of nature. If water did not expand as- the 
temperature gets near the freezing-point and at the moment 
of freezing, the whole of the water in a river or lake would 
increase in density and sink from the surface to the bottom 
till the whole reached 32° F. It would then become solid 
throughout, and, instead of having the ice form on the top as it 
now does, the whole mass would become frozen. 

Probably the reason why ice expands at the n^pment of 
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freezing is that the arrangement of the crystals in ice (for ice 
has a crystalline structure) takes up more room than when the 
water is in the liquid state. 

We will now summarize these facts in a tabular way : — 

(1) Ice expands from below freezing-point to 32*^ F. like 
other solids. 

(2) At 32° F. ice melts, and there is contraction of bulk. 

(3) From 32° to 39° F. the water still further contocts. 

(4) At 39® F. the water has its maximum density or least 
hulk. 

(5) From 39° F. to 212° F. the water expands. 

(6) At 212° F. the water boils and midergoes enormous 
expansion. 

(7) Water-vapour expands regularly on being further 
neated. 

The pupil may write out the above table, using Centigrade 
degrees instead of those of Fahrenheit. 

We are now able to understand clearly what takes place 
when a pond or other sheet of water freezes. The water at 
the surface is first chilled by the cold air, and this, becoming 
heavier than the water below, sinks, whilst the lighter, warmer 
water rises to supply its place. This goes on till the tempera- 
ture of the whole mass is reduced to 39° F. (4° C.), after 
which the surface water no longer sinks, for on being cooled 
below 39*^ F. the water expands, and, being lighter than the 
deeper water, remains at the top. This colder water at the 
surface, being then reduced to the freezing-point, is turned into 
solid ice floating on the water below, and serves to some 
extent as a protection from the cold at the surface. The ice 
formed then slowly increases in thickness in 
proportion to the intensity of the cold at the 
surface. 

The great force with which water expands 
on freezing can be shown by the following 
experiment : — 

An iron bombshell or bottle is filled quite 
full with water, and then firmly closed with 
an iron «crew. The shell or bottle is then exposed to frost, 



Fig. 63. — Iron shell 
broken by breezing 
water. 
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and after a time it is heard to burst with a loud noise, and a 
quantity of ice is forced through the crack as is shown in the 
figure. 

Kxperi7}ient 40. — Mix together snow and salt, or pounded ice and salt, 
in about equal proportions. Place a thermometer in the mixture, and 
notice that the temperature is below the freezing-point of water. Now 
put into this “ freezing mixture ” a small bottle full of water and tightly 
corked. In a short time the water will be frozen and the vessel burst. 

70. ConduotioB.— Conduction of heat is the transference of 
heat through the mass of a body from particle to particle. If 
we place a rod of iron and a piece of wood of the same length 
in the fire, we shall soon find that the iron becomes hot at the 
opposite end, owing to the conduction of heat from molecule 
to molecule along the rod, while the wood can be held in the 
hand as it bums away. This simple experiment shows that all 
substances do not conduct heat equally well, some being good 
conductors and some bad conductors. 

Substances which rapidly pass heat on from particle to 
particle are called good conductors of heat, those which pass it 
on slowly are called bad conductors. Most of the metals are 
good conductors of heat, silver and copper being the two best. 

Experiment 41. — Round a brass tube wrap smoothly a piece of paper 
and hold it in the flame of a gas-burner or spirit-lamp for a short time. 
Notice that the paper is not scorched, because £lie brass conducts away the 
heat of the flame so readily and rapidly. Repeat the experiment, wrapping 
the paper around a wooden rod of the same size. This time the paper is 
scorched because wood is a poor conductor of heat. 

Experiniait 42. — Twist a stout iron and a stout copper wire (of equal 
thickness) together at one end. At about 4 inches from the joint fasten a 
marble on each with a little beeswax. Heat the joining of the wires in a 
Bunsen flame, and notice that the marble on the copper falls first, as copper 
is a better conductor than iron. 

By experiments similar to the last it has been shown that 
metals are the best conductors of heat, silver being the best of 
all. A silver spoon left for a minute in a cup of hot tea burns 
one^s fingers, while a spoon of common metal merely plated 
with silver only becomes warm. 

Experiment 43. — Turn on a gas jet, but do not light it. Hold over it 
a piece of wire gauze. The gas passes through tlie gauze, and may be lit 
above the gauze. The flame does not pass below and i^te the gas near 
the jet, for the iron gauze conducts away the heat so rapidly that the tem- 
perature of the gas beneath is not raised to the ignition point (l^i^- 64)* 
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This illustrates the principle on which the miner’s safety -lamp is 
:onstructed. 

Liquids are bad conductors of heat, as may be shown by 
the following experiment : — 


Experiment 44. — Hold a test-tube nearly full of water so that a flame 
plays upon the upper layers of the water (Fig. 65). After a short time the 



Fig. 64. 



water at the top will begin to boil, and yet the bottom of the test-tube feels 
quite cool. In fact, a piece of ice may be kept weighted down at the 
bottom of the test-tube without melting, so badly does water conduct heat. 

Gases are extremely bad conductors of heat, though it is 
difficult to show this by a simple experiment, as their particles 
are always in motion. 

Many illustrations and applications of the various conduct- 
ing powers of different substances can be given. In a room 
without fire, touch in turn the carpet, the table, the mantelpiece, 
and the fender. These are all at the same temperature but feel 
quite different. The sensation given to the skin on touching 
bodies depends mainly on the conducting power of the sub- 
stance. The metal fender feels coldest, because the particles 
touched pass on the heat of the hand rapidly to other particles, 
so that the hand has its temperature quickly lowered. The 
stone particles of the mantelpiece conduct heat from the hand 
less rapidly than the iron particles, so that it does not feel as 
cold as the fender. The wood of the table is still slower in 
conduc^g heat, while, the woollen particles of the carpet 
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scarcely conduct at alL Wool, feathers, cotton, straw, and 
other organic substances, are all poor conductors. Clothes do 
not fuake our bodies warm, but only keep them warm, for, 
being bad conductors, they carry off the bodily heat but slowly 
to the outside cooler air. Ice can be kept from melting on a 
warm day by packing it in sawdust or wrapping it in a blanket. 
Thus a bad conductor may not only keep heat in, but also keep 
it out. 

71, Convection. — Convection of heat is the distribution of 
heat by the movement of the particles of a body from one 

position to another. It is the 
general way by which heat is 
distributed through liquids and 
gases. It cannot occur in solids, 
as the relative position of their 
particles is fixed. The particles 
of a fluid, after being heated, 
move away from the source of 
heat and give place to other 
particles, for the heated particles, 
being expanded, become speci- 
fically lighter and rise. As just 
shown, water heated near its 
surface shows little rise of tern- 
perature beneath. If, however, the 
water be heated at the bottom, 
it soon becomes warmer throughout. This is not due to con- 
duction, but the particles of liquid near the lamp or fire become 
heated, expand, and rise to the top. Colder particles descend 
to take their place, and these in their turn get heated and 
rise. In this way ascending and descending currents are 
formed, and the heat is spread through the whole mass. By 
introducing small pieces of blue litmus these currents can be 
rendered visible. The air is heated in this way by contact 
with the warm earth, and the heated air, becoming specifically 
lighter, ascends, and these convection-currents are the cause of 
winds. 

72. Radiation. — There is a third important way in which 
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heat passes from one place to another. The sun’s heat, for 
example, reaches the earth neither by conduction nor by con- 
vection, but by a process called radiation. Radiation is a 
wave-motion transmitted through the elastic and subtle medium 
that fills all space and which is called the ether. ‘‘ Radiant 
heat is the same thing as what is called light, only perceived by 
us through a different channel. The same radiation which 
when we become aware of it by the eye, we call light, when we 
detect it by a thermometer, or by the sensation of heat, we call 
radiant heat.” Heat, therefore, is said to pass by radiation 
from one body to another when the body warmed is separated 
from the source of heat by some other medium, as the air or 
the all-penetrating ether. The medium itself may not be 
warmed at all. The radiant energy (par. 57) from the sun 
passes through dry air without warming it to any great extent, 
and is then absorbed by the earth. The heated earth then 
passes it on to the air in contact with it. 

It is the radiant heat from a fire that warms us as we stand 
before it, for the air between us and the fire is but a bad con- 
ductor of heat. Every hot body is sending out radiant energy 
in all directions, whether the body be luminous, like a jet of 
gas, or non-luminous, like a vessel of hot water. Two classes of 
waves of radiant energy are thus distinguished — those which 
produce both light and heat effects (luminous heat-rays), and 
those which produce heat effects only (obscure heat-rays), 
though the waves themselves are of the same kind and differ 
only in wave-length. When waves of radiant energy fall upon 
any body a portion is usually absorbed and produces heat in 
the body, while another portion is reflected or thrown back from 
the surface. Some substances, however, absorb or reflect but 
few waves of radiant energy, for they transmit or allow 
the greater part to pass through them, though few substances 
readily transmit both luminous heat-rays and obscure heat-rays. 
Thus water-vapour transmits the former, but absorbs the latter. 

It is important to notice that in the process of radiation the 
heat does not pass as /leat through, space, but as a form of wave- 
motion called radiant energy, and this radiant energy is con- 
verted jnto heat, or light, or electricity according to the nature 
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of the substance that receives it. The molecules of a heated 
substance are in a state of rapid vibratory motion, and this 
motion appears to be communicated to the subtle, all-pervading, 
imponderable ether, through which it is propagated in straight 
lines (rapid to-and-fro wave-motion) with enormous velocity. 
The vibrations of the ether on their way are not heat nor light, 
but a form of energy called “radiant energy,” that may be 
transformed into heat and light again on meeting a suitable 
body. The vibration-waves in the ether that are convertible 
into heat are sometimes called radiant heat, or ohsmre heat-rays^ 
while those that may affect us as both light and heat are often 
called lummous rays. But the two kinds of waves are of the 
same kind and differ only in length of wave, and many lumi- 
nous waves may produce heating effects as well. All waves of 
radiant energy are reflected or refracted just as light is, and the 
laws of reflection and refraction will be explained in the chapter 
on Light. 

73. Quantity of Heat. — The temperature of a body 
measures the intensity of the body’s heat or its degree of hot- 
ness, but it is not a measure of quantity of heat, for a gallon of 
boiling water has the same temperature as a pint of boiling 
water, though it is plain that eight times the amount of heat was 
necessary to raise the gallon of water to the boiling-point as that 
required to raise the pint of water. In order to measure the 
amount or quantity of heat required to produce some change 
in a body, we must adopt some quantity of heat as the unit 
quantity. Tlu unit quantify of heat is the amount of heat required 
to raise the temperature of i lb. of water PC. 

To raise 2 lbs. of water 1° C. it will require 2 units of heat, 
to raise 6 lbs. of water 3° C. 18 units of heat will be required, 
and so on. It is thus easy to see how to calculate the amount 
of heat required to raise the temperature of a given mass 
(weight) of water through a certain number of degrees. Of 
course the same amount of heat is given out when the tempera- 
ture falls through the same range. 

If we mix two equal masses of water at different tempera- 
tures, the new temperature is the mean of the two temperatures. 
Thus I lb. of water at 40° mixed with i lb. at 90° giv^s us a 
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mass of 2 lbs. at a temperature of differ- 

ent weights of water, it is easy to calculate the temperature of 
the mixture by dividing the total number of units of heat by the 
total weight. Thus 3 lbs. of water at 16° C. mixed with 5 lbs. 
at 56'" C. will give us 8 lbs. at 41° C. For 3 lbs. at 16° has 48 
units of heat above 0° C., and 5 lbs. at 56'' has 280 units; 
48 + 280 = 328, and 328 -4- 8 = 41. 

So far we have only spoken of mixing certain weights of the 
same substance. Let us now try mixing diffej^ent substances. 
Mix I lb. of water at loo'" with i lb. of mercury at 40®. Instead 
of a mean temperature of 70° we get a temperature of 98"", so 
that 2*^ which the water loses by cooling from 100° to 98*^, i.e. 2 
heat units, suffices to heat an equal weight of mercury 58°, viz, 
from 40*^ to 98°, so that i unit of heat will raise the temperature 
of I lb. of mercury 29°. Again, mix i lb. of water at ioo°wuth 
I lb. of turpentine at 40°, and the resulting mixture will have a 
temperature of about 80°, i,e, 20 units cf heat, which the water 
loses, raise the temperature of the same weight of turpentine 40°, 
or I unit of heat will raise i lb. of turpentine 2^ Hence we see 
that the same quantity of heat will raise i lb. of different sub- 
stances through different ranges of temperature ; and conversely 
equal weights of different substances in cooling through the 
same range of temperature give out different quantities of heat. 
The fact that different substances require 
different quantities of heat to raise equal 
weights through the same temperature, or 
that they give out different quantities in 
cooling through the same temperature, is ex- 
pressed by saying that the capacity for heat 
varies in different substances. 

Experimmt 45. — Fasten a piece of lead weighing 
I lb. to a string, and suspend it in a beaker contain- 
ing I lb. of cold water. Heat the water until a 
thermometer shows that it is boiling. The hot water 
and the lead in it will thus be brought to the same 
temperature, 100° C. Provide two other beakers con- 
taining equal weights of cold water, and put the hot 
lead into one of these, and the equal weight of hot 
water i|to the other. Stir and note the temperatures. It will be found 
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that the temperature of the 2 lbs. of water is much higher than the tempera- 
ture of the water into which the hot lead was placed. There must, there- 
fore, have been more heat required to raise the i lb. of water to 100° C. 
than to raise the I lb. of lead to 100° C., i.e. water has a greater capacity 
for heat than lead. 

Experiment 46. — Heat four balls of about equal weight, and made 
of different metals, to the same temperature (about 150° C.) in an oil-bath. 

Place them, by means of hooks, simul- 
taneously on a thick cake of beeswax. As 
they cool through the same temperature, 
the iron ball melts most wax, as shown by 
sinking deepest. The copper ball follows 
next, then the lead, while the bismuth ball 
melts least. This experiment shows that, 
of these four metals, iron has the greatest 
Fig. 60. iCui^unings •' Heat P') capacity for heat and bismuth the least. 

By comparing the amounts of ice which diiFerent hot bodies 
can melt in cooling down through the same range of tempera- 
ture to the freezing-point we can compare the relative capacities 
for heat of such bodies. 

74. Specific Heat. — The unit quantity of heat is that quantity 
which raises i lb. of water i °C. Experiments show that 
tliis same quantity of heat will i;^ise the temperature of i lb. of 
any other solid or liquid substance more than 1° C. As no 
other solid or liquid substance requires so much heat to raise 
a unit weight through 1° C., water is said to have a greater 
capacity for heat than any other solid or liquid. The capacity 
for heat of any other substance compared to the capacity for 
heat that water has, is called the Specific Heat of that sub- 
stance. This comparison or ratio can be put in the following 
form : — 



Specific heat of 1 _ no. of units of heat req. to raise i lb, of substance 1° 
a substance / of units of heat req. to raise i lb. of water 


Calling the specific heat of water i, it follows, from what we 
have said, that the specific heats of other substances will be less 
than I. Here is a table giving a few samples of specific 
heats : — 


Water, x. 

Iron, O’ 1 14. 
Copper, 0-095. 
Silver, 0*05 7. 
Lead, 0*03. 


Mercury, 0*03. 
Turpentine, 0*47. 
Ice, o'5o. 

Steam, 0*50, 

Air, 0*25. 
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The great specific heat oT water, that is, the fact that water 
takes, weight for weight, much more heat to raise its temi)erature 
I degree than any other substance, and gives out much more 
heat in cooling i degree than any other substance, is of great im- 
portance in nature. Nearly three-fourths of the earth’s surface 
is covered with water, and this is constantly either absorbing the 
sun’s heat or giving it off to the overlying air. Hence water 
acts as a great equalizer of climate for all places near the sea, 
while districts in the interior of a continent show much greater 
variations of temperature at the different seasons of the year. 

75. Solids show no Change of Temperature during Melting 
or Fusion. — Solids begin to change into liquids at a definite 
temperature, called their melting-point, and during this change 
of state heat is absorbed Avithout rise of temperature. The 
reason of this is that during a change of state, the heat-energy 
that is being given to the body is expended in doing work 
instead of increasing temperature — it is used up in moving 
apart the particles of the body. 

Experiment 47. — Take a block of ice and place it in a vessel. The ice 
may be below freezing-point, say at io° C. Apply heat slowly, keeping 
a thermometer in contact with the ice. The temperature of the ice rises 
to 0° C., which is its melting-point. Continue the heat whilst stirring, 
and notice that the thermometer remains at 0° C. until the ice is entirely 
melted, when it again begins to rise. 

This experiment shows that in order to change ice into 
liquid water a certain quantity of heat is used in overcoming 
the attraction of the molecules of the ice, and in moving them 
into different positions. As this heat is not sensible, that is, 
does not affect the thermometer, it was formerly said to become 
latent^ or hidden. The expression latent heat is stDl kept, 
though we now understand what has become of it. Experiment 
shows that if we add i lb. of water at 80° C. to i lb. of ice at 
0° C., and take care that no heat is lost, we shall get 2 lbs. of 
water at 0°. This shows that 80 units of heat are consumed in 
melting 3 lb. of ice. The latent heat of watei\ i.e. the latent 
heat of the fusion of ice, is therefore said to be 80 thermal units. 

Other solids, as sxilphur, tin, etc., also melt at a definite 
temperature, and then absorb heat without rise of temperature 
during Imelting or fusing. 
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When a liquid loses heat its temperature falls to a certain 
point, and then the liquid becomes solid. During freezing or 
solidification the solid gives back the same quantity of heat that 
was required to change it from a solid to a lic|uid. The 
temperature at which a solid, on warming, melts, is under 
ordinary conditions the same as the temperature at which the 
cooling liquid solidifies. Water freezes at o” C. (32*^ F.), and 
ice melts at C, so that 0° C. may be called the ?ndtingpoint 
of ice^ or the freezing-point of water. Water at o'" C. has been 
described as ice at 0° plus the latent heat of melting. The 
great latent heat of liquefaction of ice produces in nature results 
as important as the high specific heat of water. Ice and snow 
require so tnuch heat to become liquid that when a thaw sets in 
there is no sudden large flood, but a slow continuous melting for 
some time. On the other hand, so much heat must be given 
out as the water becomes solid, that lakes and rivers freeze 
very slowly. 

76. Change of Volume during Solidification.— Most liquids 
contract on solidifying and increase in volume on liquefaction. 
Thus liquid wax, on becoming solid, shrinks about 4 per cunt, 
and when melted lead is poured into a narrow mould a hollow 
is formed at the centre as the liquid solidifies. Ice, as already 
mentioned (par. 69), is an exception to the above law. AVhen 
water solidifies it expands about 9 per cent., and on liquefying 
it contracts. 

Experiment 48.-— Nearly fill a flask with lumps of ice, and then fill \\[) 
with water. Put in a cork provided with a piece of glass tubing 12 or 15 
inches long (Fig, 54), and notice the point to which the column of liquid 
rises in the tube. Place the flask in tepid water, and observe how the 
liquid column sinks as the ice melts, and thus sliow.s the contraction of 
volume that is taking place. 

77. Liquids show no Change of Temperature during 
Boiling. — Liquids boil under ordinary conditions at a definite 
temperature, and during this change of state heat is absorbed 
without further rise of temperature. Thus when water is 
heated in a vessel open to the air its temperature rises to loo® 
C., and then the water begins to boil, as is shown by the 
bubbles of steam that form within the liquid and then escape at 
its surface. The temperature at which a liquid under Ordinary 
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atmospheric pressure gives ofif vapour freely is called its boiling' 
point. While boiling, the temperature remains the same until 
the whole of the water has boiled away, the heat that is absorbed 
during ebullition being consumed in doing work upon the mole- 
cules of the substance. 

This latent lieat of vaporization^ as it is often called, is very 
great in the case of steam, for i lb. of water at ioo° C. requires 
540 units of heat to convert it into steam at 100'^ C. All this 
heat is given out again during the process of condensation. 

It should be noticed that a liquid slowly gives off vapour . 
from its surface at all temperatures. This change of a liquid 
into vapour at a temperature Mow the boiling-point is called 
evaporation, 

Experimmt 49. — Take a large flask provided with a rubber cork 
having two holes. Through one of the holes pass a thermometer, and into 
the other fit a piece of glass 
tubing bentatright angles. About 
half fill the flask with pure water, 
insert the cork, and then heat 
the water until it boils. Push 
the thermometer down into the 
boiling water, and notice that 
the temperature of tlie boiling 
Water remains fixed. Raise the 
thermometer into the steam from 
the boiling water (as shown in 
the figure), and observe that it 
shows tlie same temperature as 
the boiling pure water, viz. 

100° C. Now obtain a cylinder 
of water, B, and a piece of glass 
tubing as ^own in the figure. 

Connect the two pieces of glass 
tubing with an indianibber tube, 
and pass the steam from the 
boiling water into the cold water. 

The steam condenses at once 
with a crackling sound, owing 
to the sudden collapse of the 
steam - bubbles, and the cold 
water rises in temperature very 
rapidly, owing, to the large 

amount of latent heat of steam Fia. 69. 

that is set free. If the passage 

of steam be continued, the cold water will soon be raised to the boiling™ 
oint, when no more steam will be condensed, as it will pass away in 
ubbles though the water as fast as it enters, 

H 
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78. The Boiling'-point of a Liquid is dependent on the 
Pressure at its Surface. — When a liquid is boiling, the pressure 
exerted by its vapour is equal to tiie pressure on the surface of 
the atmosphere in which the boiling lakes place. It follows, 
then, that if boiling takes place under an increased almosplieric 
pressure, water will be above loo*^ C, when it boils ; if under a 
diminished atmospheric pressure, water will boil at a lower 
temperature than 100° C. In the experiment just described, 
when the steam is passed into cold water, it has to overcome a 
gi-eater pressure than wlien it can escape freely into the air, 
and this increases tiie boiling-point. If the steam be passed 
into mercury to the depth of about 6 
inches, the l)oiling-point may be thus 
raised about 7 degrees. 

F..\'fH'ri 7 uent - 'l’ak<‘ a riuin(l-l)()tlomf<1 
flank and boil walor in it till lla* air is i-xik-IUmI 
and the Hask filk-d a1»oVf (lx* water with slcniii 
Konxwn it from llit* /liuno ami (|uicklv 
cork it. After boiling lias ccuscd, pour c<jld 
water upon it. This comhmses some of tin* 
water-vapour, and thus lowers the pressure (»n 
llie surface of the Ihpiid. , Boiling re-cummences 
under the diminished pressure. 

79. The Latent Heat of Vaporiza- 
tion. — AVhenever water or any other 
liquid is being converted into vapour, 
heat is absorbed dpring the process. During evaporation, when 
no special source of heat is being applied to the liquid, the heat 
is mainly obtained from the liquid that is evaporating, so that 
this liquid and whatever it touches becomes colder. Many 
experiments illustrate this cooling effect of evaporation. 

Expenmciit 51. — Take two thermometers showing the same tempe- 
rature. Drop upon the l^ulb of one some of tin? liquid called ether, nnrl 
as this evaporates, observe the fall of temporal unt owing to the evaporating 
ether withdrawing heat from the bulb and from the mercury in the bulb. 

Expmf 7 ient 52. — Upon a block of dry wood put n spcumful of water, 
and place a beaker containing a little ether in this water. Blow into the 
beaker with bellows to hasten the evaporation of the ether. So much heat 
will be withdrawn from the beaker and the 'water beneath it by the rapid 
evaporation of the ether, that the beaker becomes frozen to the block. 

Many other examples of the cooling effect of etfaporation 
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might be given. Fanning the skin when moist with perspiration 
is a common method of cooling the body. 'Watering the 
roads in summer not only allays the dust, but cools the ground 
and the air near it. Porous bottles are used in hot countries, 
so that the evaporation of the liquid from their outside surface 
may keep the contents cool. 

The heat used up in converting a liquid into a vapoui’ 
becomes potential heat-energy, and reappears as kinetic heat- 
energy sensible to a thermometer when the vapour condenses. 

Experiment 53. — Heat a kettle of water, taking the temperature with a 
thermometer from time to time. Notice that at 100° C. the water boils. 
Continue the heat, and notice that the temperature ceases to rise. The 
heat that is being applied after boiling has begun is being used up in 
turning the water into steam. Let the steam escaping from the spout fall 
on a cold slate or other object, and notice how hot the cold object becomes 
as the steam condenses -upon it. It is heated by latent heat set free from 
the steam as it clianges its condition and passes into the liquid state. 

When the water-vapour suspended in the atmosphere is 
condensed, the latent heat of the vapour is given up to the 
atmosphere. In this way great stores of heat-energy are trans- 
ported from equatorial regions to higher latitudes by certain 
vapour-laden winds, such as the south-west winds that reach the 
British Isles. 



CHAPTER IX. 


LIGHT, 

8o, Radiation. — The heat-energy of a body at a high tempera- 
ture consists of some kind of vibratory motion of the material 
molecules of the body. This molecular vibration of a! hot 
body is transformed into energy of vibration of the surrounding 
ether through which it is transmitted at the enormous rate of 
1 863000 miles a second by a process called radiatio 7 i. The 
energy of vibration possessed by the etlier is termed radiant 
mergy (par. 72), and this radiant energy, on meeting certain 
bodies, may again be transformed into heat and light, or may 
produce chemical changes, the different effects depending on 
the length of the vibrations (undulations) of the ether. The 
vibrations are propagated through the ether in straight lines in 
all directions, the movement being transverse or across the 
line in which motion takes place. Each separate set or 
line of vibrations is called a ray^ so that according to their 
effect we speak of rays of radiant heat, rays of light, and 
chemical or actinic rays. The undulations of comparative 
great wave-length give rise to the sensation of heat only, and 
are sometimes spoken of as obscure heat-rays ; the undulations 
of medium wave-length may not only produce heat-effects, but 
can affect our eyes as light; while the waves of short wave- 
length (less than inch) produce no light-effects on our 

eyes, but act chemically on compounds of silver. 

Light, therefore, is a portion of radiant energy, and consists 
of those minute vibrations of the ether which, acting upon the 
eyes, render visible the objects from which the vibrations pro- 
ceed. As it consists of vibrations of the invisible ether it is 
itself invisible. * 
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8i. Rectilinear Propagation of Light. — Light travels in 
straight lines as long as it is passing through the same homo- 
geneous medium. (A fnedivm is any substance through which 
light can pass, and it is said to be homoge 7 teons when it has the 
same composition, structure, and density throughout.) Though 
light itself is invisible, we can often trace the path of light-rays 
by the dust-motes that are illumined as it passes through a 
chink into a shielded space, and this path is always a straight 
line. If light-rays were not propagated in straight lines in the 
air, we could see round a corner. 

Experiment 54.— Take three cards and make a fine hole through each. 
Place them a short distance apart, one behind the other, and with the three 
holes in the same straight line. Place a candle in front of the first, and, 
on looking through the third, we see light from the candle. On moving 
any one of the cards aside, no ray from the candle reaches the eye. 

The inversion of the images of objects by rays of light that 
pass through small apertures proves that light travels in straight 
lines. 
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Experiment 55.— Fit up a small tube or box to form a “pin-hole 
camera.” At the front is a small hole, and at the hinder part there is a 
movable screen of tissue- 
paper or ground glass. 

Place in front of the pin- 
hole any small illumined 
object, and an inverted 
image of the object will 
be seen on the screen. 

Push the screen nearer 
the pin-hole, and notice 
that the size of the image 
diminishes ; draw the 
screen further back, and 
the size of the image 
will increase. From the 


h 
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Fig.^ 71.— Pin-hole camera, _ showing how the inverted 
image of the arrow AB is produced by the rectilinear 
rays of light. QS, movable screen. 


point 0 rays proceed in all directions, but only the ray ao can pass through 
the hole and illuminate the point d on the screen, and a' is in a straight 
line with^ a. Similarly with the ray that passes through 0 from b. Each 
other point of ab also produces its image on the screen, so that the total 
result IS an inverted image of ab. 


Disused light is produced by an overlapping of images, as 
would be shown by pricking other holes in the front of the 
camera, until the images of a candle become so numerous that 
the screen would be illuminated all over. 

82. Shadows. — It is in consequence of light travelling in 
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straight lines that a dark space or sliadow is formed liehind an 
opaque body placed in the path of a beam of light* The 
nature of the shadow will depend on the si/e of the luminous 
body. 

If the source of light l)e a point, or very small, as a ])in"lu)le 
through the cap of an optical lantern, tlie rays from the point 



Ku;, 7i3.— Slimlow from iKiInt uf light. 


form a diverging cone, so that an opatiue object cuts off the 
light entirely from a space behind it. 'rhis sj)acc, marked out 
by lines from the luminous point to various points of the 
object, receives no light at all. The dark space, or a .section 
of it upon any surface, is called the shadow of the oi^upie 
object. If the source of light, however, is of considerable si/e, 
so that rays arc proceeding from many points of a luminous 
object, we get behind an opaque object a central part calletl the 
umbra on which no light at all falls, and a surrounding part 
called the pcuumbra^ which gets light from some ])nrt of tlu‘ 
luminous object. The size and nature of these two spaces will 



Fjg. 73 .--Illiihtr.'iting the fonimtion of umbm and penumbra with an opmptd ohjVi.l 
smaller tU;ui the Imninous hotly and with an object larger tluin ihe luminous botly, 

depend on the relative sizes of the luminous object and the 
opaque body, as shown in Fig. 73. With an opaque object 
less than the luminous body, the umbra form a tone that 
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comes to a point behind; with an opaque object larger than 
the luminous body, the umbra cone increases in width with the 
distance behind. 

83. Reflection of Light. — When rays of light fall upon the 
surface of an opaque object, part of the light is absorbed, and 
part thrown back or reflected. When the surface is a smooth 
plane surface, like that of a mirror, or tlie surface of a liquid, 
reflection takes place in a regular way. With rough, uneven 
surfaces, the light reflected is scattered irregularly, and it is 
this irregularly reflected light that renders the object visible. 

For smooth plane mirrors the law of reflection is — 

The angle of incidence is equal to the angle of reflection^ and 
the incident and reflected rays are both in the same platu\ this 
plane being perpendicular to the reflecting surface. 

By the “ angle of incidence ” is meant the angle which the 
incident ray makes with the normal (perpendicular) at the 
point of incidence; by “the angle of ■ reflection is meant 
the angle which the reflected ray makes with the same per- 
pendicular. The law may be proved in the following way : — 

Experiment 56. — Obtain a cardboard semicircle divMed into degrees, 
and place a mirror L at iU centre. I^cfloct a ray of light by means of 
another miiTor M, so t’ at it falls on the mirror L at the foot of the per- 


o* 



pendicular OL. The reflected ray NR will ()c found to make on the 
opposite side the same mimbcr of degrees with the perpendicular ON that 
the incident ray MN makes with the per])endiculnr. Send a ray along the 
perpendicular ON^, and it will Ijc rellccUal along NO. 

84. Refleotion from a Rotating Mirrora — If we send a ray 
of light, ^NI, perpendicularly upon a mirror, M, it is reflected 



104 


Eleynentary Physiography, 


according to the law of reflection along itself in the direction 
IN. If now, without changing tlie incident ray, we turn the 

mirror into a new position, M', the 
normal to its surface is now IN'. 
The mirror has been turned 
through the angle MIM', which 
is equal to NIN'. The incident 
ray NI, falling on the mirror in 
the position M', is reflected along 
IR so that the angle NIN' is 
equal to RIN'. While, therefore, 
the mirror has turned through the angle NIN', the reflected ray 
has turned through the angle NIR, which is double the angle 
NIN. Hence, when a mirror is made to rotate through any 
angle, the reflected ray rotates through twice that angle, 

85. Images formed in Plane Mirrors by Reflection. — The 
images seen in looking-glasses and other plane mirrors are 



Fig. 75. 



formed according to the law of reflection just stated, the 
reflection of the light taking place in ordinary mirrors from 
the layer of metal at the back of the glass. Eachfreflected 
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pencil of light-rays prolonged behind the mirror meets m a 
point at the same distance behind that the object is in front; 
and, as we always see objects in the direction of the light that 
reaches the eye, the image formed by a plane mirror is always 
seen at the same distance behind the mirror that the object 
is in front. 

The surface of still water forms a horizontal mirror, and 
reflected images of objects can therefore be seen in smooth 
ponds, the reflected image being inverted as each point of 
the image is as far below the mirror as the actual point is 
above the mirror. 

86. The Eefraction of Light. — When a beam of light 
passes from one medium into another of different density, as 
from air into water or glass, if it falls on the surface of the 
second medium obliquely, it is bent or refracted out of its 
original direction. 

£,xj}erifnent 57. — Arrange a vessel of water, into which a little soap has 
been rubbed so as to render the light that passes into it more visible, upon 
a table in a darkened room, and send a beam of lightmpon the surface of 


Fig. 77. — incident ray ; r, refracted ray. Fig. 78. 

the water at different angles. When it falls obliquely it is seen to take a 
new direction on entering the water. A similar bending, but of different 
amount, would be seen with other liquids. 

On examination of various experiments, it will be found 
(i) that when light passes from a rarer into 
a. denser medium, it is refracted at the 
surface of separation towards the perpen- 
dicular at the surface ; (2) that when light 
passes from a denser to a rarer medium, 
it is refracted at the surface away from the 
perpendicular to the surface. Fig. 79. 

The denser the new medium isj the greater is the amount 
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of refraction. Thus salt water is denser than fresh water, and 
a ray of light passing from air into fresh water is refracted 
towards the perpendicular, and then, on passing into a deeper 
layer of salt water, it is farther refracted (Fig. 79). 

As a consequence of refraction, a river or vessel of water 
appears less deep than it really is, and the position of any 
object in the water appears to be nearer the surface than it 
really is. This effect of refraction is shown in Figs. 80, 81. In 
Fig. 80, the ray of light SI, that comes from the point S on 
leaving the water, is refracted at I away from the perpendicular, 
so that its apparent position is in the direction A IS'. In 



Fig. 81, the small diverging pencil of rays from the point A 
is shown, and not merely a single ray, and the prolongation 
backwards of the rays refracted at B meets at A' situated above 
A, so that the point A appearSTo be raised. 

Various common appearances and effects are accounted for 
by refraction. 


Experinmit 58.— -Place a coin in an empty basin, and stand back so 
that the coin is just hidden by the basin. , Let some one pour water into the 
basin, the coin will become visible. The reason will be understood 
from Fig. 81. The light that enters the eye from the coin is bent away 
from the normal to the water-surface, but to the eye it seems to have come 
in a straight line, 

Experimmt 59;— Hold a pencil or small stick in a vessel of water, and 
notice that it appears bent upwards on looking along the stick, as the ligh’t 
from each point of the stick in the water is refracted on passing from the 
water into the air, and the immersed portion is thus brought nearer the 
eye. f 
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Experiment 2, thick sheet of plate-glass or a cube of glass, 

and place it over a sheet of paper on which are marked straight and curved 
Hnes. Look at these lines obliquely (Fig. 82), and notice that where the 



Fig. 82. Fig. 83. 


glass intersects them they appear broken as a result of refraction. Look 
down upon them perpendicularly (Fig. 83), and they show no broken 
appearance as beforCj but only appear to be raised beneath the glass. 

When air or water through which light is passing is of 
unequal density owing to unequal heating, the refraction thus 
produced often produces a flickering or streaky appearance on 
objects seen through it. 

87. Refraction through a Prism. — In physics a prism is a 
wedge-shaped, transparent body through which light can pass. 


A 



Fig. 84, 


When light passes through a prism it suffers a double bending, 
accordir^ to the laws of refraction already stated. Fig. 84 
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will explain this. The ray of light dc from the candle, on 
entering the triangular prism, is bent nearer to the perpendicular, 
in the prism, and it passes along eh. On leaving the glass 
at h and passing into the rarer air, it is bent away from the 
perpendicular, hi^ and passes along hk. An eye at therefore, 
sees the candle -flame at I in the direction of the line Jik. The 
angle between the original and final direction of a ray of light 



Fig, 85. — D^omposition of white light ilito the colours of the spect^m by passing a 
beam of sunlight through a prism in a darkened room and receiving the spectrum 
on a screen. 


passing through the prism (angle dol in Fig. 84) is called the 
deviation of the ray. 

A prism always acts so as to cause a deviation of a bea?n 
of light towards its base, and any object seen throtLgh it always 
appea 7 's displaced towards the edge or vertex of the prism. 

Objects seen through a prism are not only displaced, but 
are seen with coloured fringes, so that there is not only a bend- 
ing of the light, but a breaking-up or dispersion of itf If the 
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light is monoclhromatic, ue. consists of one of the simple colours, 
Treda blue, and green, there will only be a bending or refraction. 

88. Analysis of Light by a Prism. — ^Wlien the white light, 
from the sun, from an electric arc, or other very hot body, is 
sent through a prism, it not only undergoes refraction, but it is 
separated, owing to the unequal refraction of the various waves 
in it, into a band of colours called a spcctimm. The colours of 
the prismatic spectrum are often denominated red, orange, 
yellow, green, blue, indigo, and violet ; but there is no sharp 
line of separation, the various tints passing gradually into one 
another. 

JExpef'immt 61. — Into a dark room let sunlight or light from a lantern 
pass through a narrow horizontal slit, and it will be noticed that it fomis 
a bright spot on the wall where it falls. Now place a prism with its edge 
downwards and its base horizontal in the path of the beam. The patli of 
the light -beam is deviated from its original course towards the base of the 
rism, and upon a screen placed to receive the deviated beam a vertical 
and of colour is seen (Fig. 85}. White light is thus shown to be a compound 
of diifereiit coloured rays, and these different coloured rays, being unequally 
refracted by the prism, give rise to the continuous band of colour termed the 
spectrum. 

Fig. 86 shows, a section of a prism with the base upwards, 
and PQ represents a narrow beam of white light. On entering 
the prism the beam, is refracted 
towards the base, and the various 
constituents of the white light are 
seen to be refracted unequally, so 
that there is not only refraction 
but dispersion of the light. On 
leaving the prism there is again 
refraxtion, and the light received 
on the screen shows red at one end of the spectrum and violet 
at the other. It is the red rays that are least bent, and the 
violet rays that suffer the greatest refraction. The intermediate 
rays of orange, yellow, green, blue, and indigo being refracted 
between in this order. 

That white light is really compounded of different colours 
is proved not only by the prismatic analysis of such light, but 
by the fact that the prismatic colours, when recombined, form 
wh-ite li^it by syfithesis. 



Fig. 86. — Diagram showing formation 
of a spectrum. 
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Experimmt 62 . — Place behind the first prism which has dispersed the 
white light into the spectral colours a second similar prism in the reverse 

position, as shown in Fig. 87. This 
second prism, refracting the coloured 
band unequally towards its base, just 
neutralizes the effect of the first prism, 
and the issuing beam E is white and 
parallel to the first beam S. 

Exp^rimmt 63. — Upon a circular 
piece of cardboard paint sections of 
Fio. 87. prismatic colours in the same order 

and proportion as they occur in the 
spectiaim. Such a cardboard is often spoken of as Newton’s disc. The 
centre is usually left black. When such a disc is rapidly rotated, the effect 
on the eye is the same as if it received the impression of all the colours 
simultaneously, and a sensation of white' or a greyish-white is produced. 

We have thus learnt (i) that ordinary white light is not 
simple in composition, but a compound of seven various colours 



that gradually blend into one another — red, orange, yellow, green, 
blue, indigo, and violet ; (2) that white light can be dispersed by a 
piism into a coloured band or spectrum showing these colours 
gradually passing into one another ; (3) that the cau?e of this 
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dispersion of white light is the different amounts of deviation 
which the different tints undergo by refraction in the prism ; 
(4) that the red rays are the least refrangible — orange, yellow, 
blue, indigo, and violet being the order of increase in refrangi- 
bility of the others; (5) that the seven spectral or rainbow 
colours can be recombined by synthesis to again form white 
light. 

Light, in fact, consist of ether-waves propagated from a 
luminous body, and these ether- waves are not of the same 
length, the difference of wave-lengths making itself known to 
our eyes as difference of colour. Red is caused by light-waves 
of greatest length, and violet by light- waves of shortest length. 
Beyond the red are ether-waves of longer wave-length that 
produce heating effects on being absorbed, and beyond the 
violet are ether-waves that can produce chemical effects. 

89. The Colour of Bodies. — Strictly ^peaking, colour is a 
sensation, being the resultant effect upon our organs of sight of 
the rays of light (or ether- waves) that come from the object 
seen. Consider first the case of opaque objects. The light by 
which such objects are seen is the light which they reflect after 
having slightly entered their surfaces. A certain cloth or flower 
on which white light falls is red because it absorbs most of the 
green, blue, and violet light, and throws back nearly all the red 
waves, so that the waves that produce the sensation of red 
largely predominate. A white object appears white because it 
sends back the different components of white light in the same 
relative proportion that they exist in sunlight. An object 
appears black when it sends back to our eye practically no 
light, but absorbs all kinds of rays so fully that it appears dark. 
In the case of coloured t?‘ansparent objects, we see them by the 
light which they tiwisniit, A blue glass appears blue because 
in the passage of light through it, most of the red, orange, and 
green rays are quenched in the passage, and in the rays trans- 
mitted the blue largely predominate. 

What has been said above applies to objects seen in sun- 
light or other white light. Coloured objects seen in coloured 
light appear dark unless the light is of the same tint as the 
natural ^lour of the object. In a photographer’s “ dark room,” 
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for example, into which only yellow and red rays are allowed 
to enter, a piece of red or yellow ribbon will appear nearly 
natural, as these are the light-rays that they can throw back or 
reflect, while other coloured objects appear black. White paper 
or the hands appear red, as only red rays fall on them, and red 
th^y can reflect. 

Various experiments can be made to illustrate the colours 
of natural objects. 

Experiment 64 ., — Obtain a lonp; spectrum upon a screen, as in Experi- 
ment 85. Hold various coloured objects in the different parts of the spectrum. 
A red ribbon in the red portion appears red, in the orange it looks a dull 
orange, but in the other parts of the spectrum it appears nearly black, as 
it can only reflect the wave that produces the sensation of red and similarly 
with other coloured objects. Each is bright when held in its own colour, 
and becomes dark in parts of the spectrum much removed from its colour, 
as it is incapable of reflecting the light there. The colour, in fact, is not in 
the body, but in the light waves that it reflects. 

Experimefit 6 $. — Allow the white light from a small hole in a shutter 
or from a hole in a lantejm-cap to pass Sirough a blue solution of sulphate 
of copper in a glass cell, and note tlie blue colour received on a screen. 
Now interpose a piece of red glass before the cell, and notice the extinction 
of colour, the red glass stopping the blue rays, so that practically no light 
passes through the two. 

Experiment d6. — Obtain sheets of cardboard of various brilliant colours. 
Send the whole light from the lantern upon these in a darkened room, and 
catch the reflected light on a white screen. Each coloured sheet reflects 
on to the white screen its own colour only. A white sheet would reflect 
any colour, and a black sheet none. 

The colour of an object, in short, depends upon (i) the 
light waves that fall upon the object, (2) which of those waves 
it can reflect or transmit to the eye. 

8ga, Complementary Colours, — We have learnt that the sensation 
produced by all the colours of the spectrum together produce the sen.salion 
of w'hite. So also is the sensation produced by tlie blending of red, green, 
and violet, which are known as the primary coloui's. But there are several 
pairs of colours whose combined sensation is white. Two colours which 
by fusion produce white are called comphmmiaiy colours. Such are, 
>^llow and indigo blue, red and blue-green, yellow-green and violet. On 
the other hand, other pairs only produce a compound colour. Red and 
yellow, for example, produce orange. 


f 
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im R OD UC TOR y CHEMISTR K 

90. Elements and Compounds. — Chemistry is the science 
which treats of the comj>osifion of bodies, of the different 
kinds of substances of which the various pieces of matter are 
made up. Although the substances found on the earth are so 
numerous and vai'ied, yet the chemist divides them into two 
classes only, elements and compounds. Everything we meet is 
either an element or a compound, or a mechanical mixture of 
these. An elemerit is a sunple stibsiance^ consisting of only one 
kind of matter. It cannot be split up or decomposed into 
different substances, nor can it be built up out of different sub- 
stances. Thus carbon (of which pure charcoal is a variety) is 
an element, because nothing but carbon can be obtained from 
it. It is indecomposable. For the same reason the gas called 
oxygen and the liquid metal mercury are elements. But 
carbon can be made to unite with oxygen by the force of 
chemical affinity, and a compound called carbonic acid, or 
carbon dioxide, is then produced. This union is brought about 
whenever carbon burns, for this burning results from the 
carbon uniting with the oxygen of the air and forming the in- 
i^isible gas called carbonic acid gas. Hence carbonic acid is a 
compound substance, for it consists of two kinds of substances, 
cxygen and carbon, chemically united. Water is a compound 
ormed by the union of two gases, oxygen and hydrogen. 
Limestone is a compound also, and contains three elements, 
:alcium, carbon, and oxygen, united together. A comfo7md^ 
hen, is a substance formed of two or more elements united 
ogether by the force of chemical affinity. There are only 
bout 70' elements known, but there are many thousands of 
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compounds. Binary compounds are compounds formed l>y the 
union of two elements. Thus carbonic acid and water are 
binary compounds. Ternary compounds arc comj>oiinds 
formed by the union of three elements, as limestone. hfany 
other examples of both these classes will presently ocuuir. 
Some compounds contain more tlian three elements. As 
already stated, the power which causes the various elements to 
unite with one another in order to form compounds, and whicli 
holds them to[j;elher after they are united, is called chemical 
attra('tion or chemical affinity, 

9r. Chemical Symbols and Formnlffi.— Instt.'atl of writin^^ the full nairu? 
of each clcmciit and conijanuirh tlie cIlemi^^t uses a kind of sborlhaiuK 
Kacli element lias a or rind this syinhol is the first letter (or 

sometimes llie liisl letter and another) of its Kiiglish tir i.ulin nani<*. Ihif 
it Is important to notice liiat I his symbol not <»nly stands for the elennuil, 
l)Ut also for a d(‘fmite qiiantily by weiglit of that element. Thus H not 
only stands for hydrogen, but also for one atom of hydrogmi. As hydrcgen 
is the lightist snlistance known, its atom is taken as the unit, aixl to it llie 
nmnlier i is attached. O stands for oxygen, and for out? atom of oxyc.en ; 
and, as ox)^gen is sixteen times heaviiT than liydrogen, the nimiber 
atlaclied to the symbol (J. In tin* same way C slamls for carbon, am! for 
12 ])arts by weight of carlmm The symliol C!a is ustal for the element 
calcium, the weight of which eompared with that of hydrogtm is 40. Those* 
numbers are called the atowie or comhininr 'ocirtiis of the <.*lenu‘nts, and 
they veiirtsicnl tlio relative weights of tlie elements when hydrogen is taken 
as the unit. I'ompoimrl bodies are vi'presenled by placing tiu? syinlxds of 
the elements composing tliein side liy side. Thus tin* eoinpound ralhal 
mercuric oxide cimsists of one atom of mercury (Ilg) united with one utotn 
of oxygen (O), and it is therefore represeiUetl thus, Ilg<l‘ ('arbonic m id 
is formed liy tlie union of one atom of carbon and two nlonis of oxygen ; 
hence it is represented by COy, the small ligure at the right of an element 
indicating the numlier of atoms of that element. HgO and C( are ealhal 
the chemical yhmr/At* of mt'rcuric oxide and carbonic acid reKpta-liveiy. 
A chemical furimila, iherefjrc*, is the representation of a elnanieal eom- 
pnuiul by means of symbols. TTgSO^ is the chemical formula of sulplnnu* 
acid (also called oil of vitriol), and this formula teaches us tliiU h consists 
of two atoms of hydrogen, one atom of sulphur, and four atoms of oxygen, 
chemically united. Tin? (piantity of any compouml which is roprcMMited 
by its formula is spoken of ns a molecule. Thus IT.jSO^ represents a mole- 
cule of sulphuric acid, and 2ll^SO^ represents twm molecules. A molecule 
of an element uisually contains two atoms; H.j retmesents a molccuk* ul 
hydrogen. 

By means of this shorthand we can also exi>ress cheinictil chnngts 
shortly and exactly whenevor a chemical action taki^s plact*. C’henncal 
actions always produce changes of composition. Tlu^ sign -f placed between 
two formuhe shows that the two bodies represented have been adderl 
together. The sign = is usually employed in the sense of the word yields ** 
or “produces,” and it also implies that the weight of the substances taking 
part in the chemical change is etjual to the weight of the sub.stimee or snb- 
Stances produced as a result of die change. Thus when cnrbtm is nnuUf Ut 
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burn in oxygen, the two substances unite and carbon dioxide is produced. 
This chemical change is shortly expressed by the following equation : — 

C d" O3 = COq 

Carbon. Oxygen. Carbon dioxide. 

When zinc is placed in dilute sulphuric acid, the zinc displaces the 
hydrogen of the sulphuric acid and sets it free. Expressed in chemical 
signs, this change is written thus : 

Zn + H3SO, = ZnSO^ + 

Zinc. Sulphuric acid. Zinc sulphate. Hydrogen. 

Such changes as these are often spoken of as reactions, and chemical 
reactions are usually represented by equations. 

92. Number and Classiflcatioii of the Elements. — The 
total number of elements at present known is about 70, but 
many of these are rare and seldom met with. Most of the 
elements are solids at the ordinary temperature of the air, but 
bromine and mercury are liquids; and oxygen, hydrogen, 
nitrogen, and chlorine are gases. The elements are divided into 
two classes, metallic and iion-metallic. The metals are distin- 
guished from the non-metals by their lustre, malleability, metallic 
ring when struck, and by generally possessing a high specific 
gravity and being good conductors of heat and electiicity. 

In the following table is a list of (i) all the non-metals; 
(2) the common metals. To each is added its symbol and its 
atomic or combining weight. 


Non-metals. Metals. 


Names of elements. 

Sym- 

bols. 

Atomic 

weights. 

Names of elements. 

Sym- 

bols. 

Atomic 

weights. 

Boron 

B 

r I 

Aluminium 

A 1 

27*3 

Bromine 

Br 

80 

Barium . 

Ba 

137 

Carbon . 

C 

12 

Calcium . 

Ca 

40 

Chlorine 

Cl 

35 ’5 

Copper (Cuprum) 

Gold (Aurmn) . 

Cu 

63-5 

Fluorine 

F 

I9'i 

An 

196*2 

Hydrogen 

H 

I 

Iron (Fen-uni) . 

Fe 

S6 

Iodine . 

I 

126*5 

Lead (Plumbum) 

Pb 

207 

Nitrogen 

N 

14 

Magnesium 

Mg 

24 

Oxygen . 

0 

16 

Manganese 

Mn 

55 

Phosphorus . 

P 

31 

Mercury (Hydrargy- 

Hg 

200 

Selenium 

Se 

78 

rum) . 



Silicon . 

Si 

28 

Platinum 

Pt 

197 

Sulphur , 

S 

32 

Potassium (Knlium) 

K 

39-1 




Silver (Argentum) . 

Ag 

108 

Arsenic . 

As 

25 

Sodium (Natrium) . 

Na 

23 




Tin (Stannum) 

Sn 

118 


1 


Zinc 

, Zn 

6s 



11(5 


Elemcjitary Physioy;ytipJi)\ 


93. Preparation and Properties of Oxygen. — Oxygen gas 
exists in a free slate in tlie atmosphere, but it is there largely 
mixed witli another gas called nitrogen, the nitrogen forming 
about four-fifths and the oxygen one-fifth of the air. Pure 
oxygen can be most conveniently prepared from a white 
crystalline substance called potassium chlorate, or chlorate of 
potash. 

Experiment G*j . — Take a quantity of this ‘^ubslance, powder it in a 
mortar, and then mix it with ahout (me-lhinl its weight of the dry hlaek 
oxide of manganese, as this substance, thongli not ehanged itsclh allows llu’ 
potassium chlorate to give iqi its oxygen at a less temperature than would 
be otherwise required. Tlace the mixture in a llask, which is then fixed 
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on a stand. Fit a cork into tlie flask w'ith a hole in it, through which pass 
a glass tube bent so that it dips into water in a vessel enlled a pneumntu 
trough. In the pneumatic trough place having a hole in the 

side of the shelf for the bent delivciy tube to jiass into, and a hole nt the 
top of the shelf for the gas to rise through. U'he top of the shelf sliouhl 
be below the surface of the water in the trough. Fill a glass bottle or jar 
^uite full of water, place a glass plate over the month, and invert the jar 
into the trough and take away the plate. Gently the flask, and alter 
waiting a little while until all the air has htam driven out, put the gas-jar 
on to the ton of the bee-hive shelf. The bub])h‘s of gas that come otf pass 
up into the bottle and displace the water. When tlie jar is full, lift it off 
the shelf, place the glass plate over tlui mouth, and then take it out of the 
trough. Collect in this way four or five jars of oxygen gas. The chemical 
change that has taken place in the fla.sk may be tlius rtipresented : 

2KCIO3 = 2KCi + 3O3 r 

Potassium chlorate. Potassium chloride Oxygen. 
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94, Experiments illustrating the PropeirtieB of Oxygen. — After noticing 
that the gas thus prepared and collected is colourless and without smell, 
take successive jars and try the following experiments : — 

{a) Lower a lighted candle attached to a bent wire into a jar of oxygen, 
and notice that 3 ie dame becomes larger and brighter. (^) Thrust a 
long glowing splinter into a jar, that is, a splinter with only a red-hot tip. 
The wood at once bursts into flame and burns vigorously. (^) Take a 
little sulphur, and put it into a small iron spoon at the end of a bent 
wire, called a dejiag 7 'ating spoon. Set fire to the sulphur, and notice that 
it bums with a pale blue flame. Plunge the lighted sulphur into a jar of 
oxygen, and it will burn much more brightly, though the oxygen itself does 
not bum. (d) Repeat experiment (f), using a small piece of phosphorus 
instead of sulphur. (0) Upon a deflagrating spoon put a small piece of wood 
charcoal (carbon), and heat it in the Bunsen flame until it glows. Plunge 
the glowing charcoal into a jar of oxygen. The carbon bums with great 
brilliancy. (/') Heat a watch-spring so that it becomes red-hot. It then' 
loses its elasticity, and can be twisted in the form of a spiral after cooling. 
Fasten one end of this spiral into a piece of cork, and dip the other end 
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Fig. 91.— Arrangements for combustion in oxygen. A, candle at end of deflagrating 
spoon ; b, sulphur on deflagrating spoon ; C, coil of watch-spring ; D, phosphorus 
burning in oxygen. 

into a little powdered sulphur. Set fire to the sulphur, and immediately 
plunge it into a jar of oxygen. The sulphur sets fire to the steel spring, 
which bums with great splendour, and drops of melted oxide of iron fall 
down to the bottom of the jar, which should be covered with a little water. 
After each experiment cover the mouth of the jar with the glass plate or 
a piece of cardboard. These experiments teach us that oxygen is a colour^ 
less gas that supports combustion ^ and that substances burn in oxygen with 
much greater etiergy than in air. 

It must be carefully noticed that while these different 
substances have been burning they hav^ not been destroyed; 
that is, they have not disappeared entirely and gone into 
“nothing.” They have entered into combination ^vitll tlie 
oxygen, and new substances, called oxides, have been produced. 

element can be destroyed ; it can be made to change its 
form and enter into new combinations, but it still exists in 
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some slate. Hence matter is indestructible. Wood contains, 
along with otlier things, the element carbon, and during the 
process of burning or combustion this carbon unites with the 
oxygen to form an invisible gas called carbon dioxide. We 
represent this chemical action tiuis : 

c + 0, = CO, 

Carljoti. Oxygen. ( ‘arlwn dioxiile. 

If we close the mouth of the oxygen bottle in wliich the 
splinter or charcoal was burnt, then pour in a little clear lime- 
water and shake it up, we shall notice that the lime-water 
becomes milky. This ijroves that the bottle contains some- 
thing besides oxygen, for on shaking a bottle of pure oxygen 
with lime-water no milkinuss is produced. The milkiness is 
caused by the carbon dioxide uniting with tlie lime in the 
water to form an insoluble substance called calcium carbonate 
(Exper. 85 ). 

The jar in which the sulphur was burnt will h() found to 
contain a gas having a pungent smell This gas is sul])hur 
dioxide, and its production is shown by the following equation 

S + . 0, == SO, 

Sulphur. Oxygen. Sulphur dioxide. 

On iJlacing a little water in the jar, this sulphur dioxide is 
dissolved, and the water acquires a sour taste and the jiowcr 
of turning blue litmus red. Bodies possessing this taste and 
this power are called acids. The chemical changes that are 
produced when phosphorus and iron burn in oxygen may be 
thus represented : 

2= r.jOs 

Phosphorus. Oxygen. Pltosphorus pentoxide. 

+ 04 = FeaOa 

Iron. Oxygen. Oxide of iron. 

Phosphorus pento.xide, which settles on the sides and boltoin 
of the jar as a white potyder, dissolves in w'ater to form an acid, 
like sulphur dioxide docs, but iron oxide is not soluble in 
water. 

The metal sodium also forms an oxide, for on being strongly 
heated, and then plunged into a jar of oxygen, it bums brightly 
and forms white fumes of sodium oxide that will dissolve in 
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water. This dissolved oxide, however, has no acid taste. It 
has a soapy feel, and restores the blue colour to litmus that has 
been reddened by an acid. Such a solution is said to be 
alkaline. 

95. Oxidation and Combustion. — The process of uniting 
with oxygen is called oxidationl^ It is a chemical action, and, 
like most other chemical actions, is accompanied by the 
development of heat. When the oxidation goes on so rapidly 
and the heat developed is so great that light is produced, the 
process is called burning^ or combustion. Combmtion^ therefore, 
is rapid chemical action attended with the production of heat 
and light. In ordinary combustion the fuel or substance burnt 
(coal, coal-gas, wax, tallow, etc.) consists of compounds of 
carbon and hydrogen. The products of this combustion are 
two oxides — carbon dioxide, CO2, and water- vapour, H2O. What 
we call “ flame ” is vapour or gas in the act of combustion. 

Oxides^ therefore, are binary compounds formed by the 
union of oxygen with one of the other elements. The experi- 
ments just performed with oxygen show that oxides may be 
divided into two groups. The oxides of one group dissolve 
in water to form acids. These oxides include the oxides of 
sulphur, phosphorus, and carbon, and may be called acid- 
formmg oxides. The second group is either insoluble in water 
or dissolves in water to form a solution that restores the blue 
colour to litmus reddened by an acid. These oxides include 
iron oxide, sodium oxide, and other metallic oxides, and are 
spoken of as basic oxides.^ or bases. 

96. Preparation and Properties of Hydrogen.— Hydrogen 
is another important gas that can be easily prepared and 
collected, so that its properties may be ascertained. 

Experiment 68.— Fit into a flask a cork that has two holes bored in it, 
and into one of these holes place a piece of tubing having a thistle -shaped 
cup at the top. Into the other hole of the cork the bent delivery tube is 
placed to carry the gas off to the pneumatic trough. Before placing the 
cork into the flask, put in a few pieces of zinc or iron. Fit in the cork with 
its tubes, and pour sufficient water down the thistle tube to cover the metal 
so that the end of the tube is under water. Now add a small quantity of 
sulphuric acid by means of the thistle tube. The metal soon begins to 
react with^e dilute sulphuric acid, and a brisk bubbling or effervescence 
is caused by the escape of hydrogen gas. After waiting a minute or two 
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until all the air has escaped, collect two or three jars of the gas in the same- 
way as oxygen was collected. The reaction may be thus represented : 

Zn + HaSO, = ZnSO^ + 

Zinc. Sulphuric add. Zinc sulphate. Hydrogen. 



Fig. 92, — Preparation and collection of hydrogen gas. 


To illustrate the properties of Hydrogen — [a] Notice that the gas is 
colourless and without smell, [b) Hold a small jar full of hydrogen 

mouth downwards, and push a 
lighted candle up into the gas ; 
tlie gas burns at the mouth of 
the jar, but the candle is ex- 
tinguished. {c) The extreme 
lightness of hydrogen may be 
shown by passing it into a small 
collodion balloon. The gas 
will expand the balloon, and 
when it is fully distended, de- 
tach the balloon from the tube 
and set it free. It will ascend 
rapidly feough the air of the 
room imtil arrested by the ceil* 
ing, when after a short time the 
hydrogen will escape and the 
balloon descend. This cha- 
Fig. 93.~Experiment8 with hydrogen. racteristic property of hydrogen 

may also be shown by pourmg 
the ^ upwards from one jar to another as in Fig. 93. In a few seconds 
it will be found that the light hydrogen has passed up into the upper jar, 
and displaced the air to such an extent that the gas in the upper jar will 
take fire on applying a lighted taper. The slight explosion shows that 
some air is mixed with it. 

97. The very light metals sodium and potassium Ij^ive such 
a great afi&nity for oxygen that they readily decompose water, 
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Combining with the oxygen and setting free the hydrogen. 
xr sodium be dropped upon water, it floats about, becoming 
and less till it disappears. A 
^igtited taper placed above the floating 
Sodium kmdles the escaping hydrogen. 

If a piece of the metal be held under 
"the surface of the water by wrapping it 
io. wire gauze, bubbles of gas may be 
soen passing through the water, and the „ 

. . Fig. 94.— Obtaining hydrogen 

§■^.5 may be collected in a jar previously by the action of sodium on 
billed with water. The chemical action 

goes on when sodium acts on water may be represented 
^■^3^ the equation — 

2Na + 2H2O = aNaHO + H3 

Sodium. Water. Sodium hydrate. Hydrogen. 

The sodium hydrate remains dissolved in the water, and it 
gives to the liquid a soapy feel. It also causes the liquid to 
tixrn a reddened litmus paper blue, and is therefore said to have 
an alkalim reaction (par. 108). 

Iron is another rnetal which will decompose water and set 



free the hydrogen, but it must be at a high temperature to 
effect this. The decomposition of water by red-hot iron can 
“b e carried out as follows : — 

fxperiniefit 69. — Take an iron tube about 18 inches long and i inch 
in. ^ciiameier ; fill it with small iron nails or bright iron turnings, and place 
ib in s. gas furnace. Heat the tube to redness, and then connect one end 
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^vith a fla^k and tube in which, water is being boiled. Join tlie other end 
to a delivery tube passing into a pneumatic trough. The steam which 
enters the heated iron tube bb is decomposed by the red-hot iron, its oxygen 
uniting with the iron and the hydrogen passing on. This hydrogen is 
collected in a jar, at the pneumatic trough. The change can be repre- 
sented thus ; 

SFe + 4 Hj, 0 = FegO^ + 4H3 

Iron. Water. Oxide of iron. . Hydrogen. 

The oxide of iron produced in this experiment is not the same oxide as 
rnst. It is a magnetic oxide of iron. 

In Experiment 68 we showed that hydrogen was a com- 
bustible gas, although not a supporter of combustion. But 
let us repeat this experiment more carefully, so that we can 
determine what compound is formed when hydrogen burns, i.e. 
when it unites with oxygen. 

Experiment into a flask a few pieces of granulated zinc, and 

fit into the neck of the flask a cork having two holes bored through it. 

Through one hole pass a thistle tube to the 
bottom of the flask, and through the other 
a short bent tube passing through a small 
cork into a thicker horizontal tube. The 
latter contains small pieces of calcium 
chloride, a substance which readily absorbs 
moisture, so that the gas passing through 
it is dried, and we are sure that no water- 
vapour is carried along with the hydrogen. 
The U-tube shown in Fig. 99 is another 
form of drying tube. The tube passing 
from the calcium chloride tube should be 
bent at right angles, and its end drawn out 
to a point. Pour some dilute sulphuric acid 
down the tliistle tube, and after the gas has 
been escaping some time so that all the 
air is carried out, apply a light to the end 
of the drawn-out tube. The hydrogen 
burns quietly with an almost colourless 
flame. Hold over the flame a long dry 
glass tube about A inch internal diameter, 
and notice that the water-vapour formed 
by the combustion of the hydrogen is con- 
densed in drops on the cold sides of the 
p . . inhe. Thus water is proved to be formed 

Fig. 96.— Synthesis of water. when hydrogen burns in air. This method 
^ ^ of building up a compound (water) from 

its constituent elements (hydrogen and oxygen) is known in chemistry as 
sjynthesis (Gr. syit^ together j and thesis, a putting). On mixing oxygen and 
hydrogen in a stout soda-water bottle in the proportion of one volume of 
oxygen to two volumes of hydrogen, and applying a light, the gases 
unite with a loud explosion to form a drop or two of water. 
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98. Water. — ^Water is found in nature in three states or 
conditions : ice, water, and steam. All three forms have the 
same chemical composition, the substance being a compound 
of oxygen and hydrogenT-an oxide of hydrogen — represented 
by the formula H2O. As already learnt, its physical condition 
depends on its temperature. Under ordinary atmospheric 
conditions it is a solid below o® C. (32° F.), and a gas above 
100° C. (212° F.), while between these temperatures it is a 
liquid (par. 69). Contrary to the general rule, water expands 
on solidifying, so that the specific gravity of ice is 0*917, w'ater 
being i*o. Accordingly ice floats on water. When water 
passes into invisible vapour, or true steam, it increases in 
volume about 1700 times. Water- vapour is much lighter than 
air (0*625 to air I ). 

The purest form of water which exists in nature is rain- 
water^ though this always contains a little oxygen and carbon- 
dioxide dissolved from the air. To obtain pure water artificially, 
any ordinary water is distilled, when all the solids dissolved in 
it are left behind (par. 6). River water and spring water 
always contain a small quantity of solid matter, the amount 
and nature of the dissolved solids depending on the nature of 
the rocks over which the water has flowed. 

Experiment 71. — Evaporate to dryness on a clean piece of platinum foil, 
or in a clean porcelain dish, a little distilled water, and notice that there 
is hardly any perceptible residue. With ordinary tap-water the residue is 
distinctly perceptible. 

Experiment 72. — To show that water contains dissolved gas, we must 
boil the water to expel the gas. Fill a flask to the brim with cold water, 
and push in a cork provided with a delivery tube. The displaced w'ater 
drives out the air from the delivery tube and fills it. Pass the tube into a 
pneumatic trough, and put the flask on a retort-stand. On heating the flask 
with a Bunsen burner until it boils, the dissolved gases will be expelled, 
and may be collected in the ordinary way. These dissolved gases are 
mainly oxygen and carbon dioxide, for the nitrogen of the air is but 
slightly soluble in water. 

It has already been mentioned that water dissolves many 
solids, and it usually acts as a more powerful solvent when 
hot than when cold. (Gases, however, dissolve more freely in 
cold water than in hot water.) Substances, however, differ 
greatly in their solubility. Some, like sugar, common salt, and 
alum, are freely soluble ; some, like gypsum or plaster of Paris, 
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are slightly soluble ; some, like chalk and sand (silica), are quite 
bisolnbk, W^ater, however, cloarged with carbon dioxide will 
dissolve chalk and other forms of calcium carbonate (par. io6). 

Experintait 73- — Illustrate the solvent powers of water. by weighing 
out an ounce each of sugar, common salt, and powdered gypsum, and 
find the quantities of water necessary to dissolve each. These will be 
I 02., 3 ozs., and 360 ozs. respectively, i.e. sugar is 3 times more soluble 
than salt, ancL36o times more soluble than gypsum. 

When the water containing a substance in solution is 
allowed to evaporate slowly, the substance often separates out 
in definite geometrical forms called crystals. In some cases 
these crystals contain a certain quantity of water, which is 
necessary for the substance to keep its crystalline form. Such 
water is called “ water of crystallization.” Copper sulphate 
(blue vitriol), for example, is found in the form of blue crystals, 
but if these crystals be heated their water of crystallization is 
driven off and a white amorphous mass remains, the substance 
being no longer able to retain its crystalline shape. On 
moistening the mass with water it again takes up its water 
of crystallization and turns blue. Some salts lose their water 
of crystallization and fall to powder on exposure to the air. 
They are said to “ effloresce.” Common washing-soda is an 
example. Other salts absorb moisture on exposure to the air, 
and are said to “ deliquesce.” Calcium chloride is an example 
of a .deliquescent salt. 

99. Experiment to prove the Composition of Water by 
Analysis.— Analysis (Gk. ana^ apart ; and hisis,^ a loosening) 
is the breaking up of a compound into the elements that 
compose it. To analyse water, that is, to separate it into its 
two elements, we require the aid of electricity from a galvanic 
battery. Electricity has the power of decomposing water so as 
to split it up into its constituent elements. The apparatus 
required is called a voltameter^ and is shown in the figure. The 
insulated wires proceeding from a battery of three or four cells 
pass into the trough, and to the ends of these wires a piece of 
platinum foil is attached. 

^ Experiment 74. — Fill the trough and the two tubes with water slightly 
acidulated with sulphuric acid. This is done in order to make water 
conduct the electricity better. Invert the hvo tubes in the trough so that 
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one of the platinum teiminals at the end of each wire is under the mouth of 
each tube. On setting the battery in action the electricity passes into the 
'Water, and gas-bubbles are seen to rise from each slip of platinum, and 
tiiese collect in the tubes placed to receive them. More gas is given off 
from one end than from the 
other j in fact, twice as 
TO-uch gas is liberated from 
one terminal as the other, 

So that when one tube is 
fiill the other is only half 
full. Take away the tube 
first full, keeping the thumb 
over the end. Invert the 
tube, quickly remove the 
tliumb, and appl^ a light. 

The gas bums with a pale 
t>lue flame, showing that it 
is hydrogen. Now remove Fr^nt Copper 
and invert the second tube, Fig. 97. 

'which is only half full, in 
tlie same way. Dip a glowing ^linter into this gas. The wood bursts 
into flame, thus showing that this is oxygen gas. In this way we have 
proved analytically that water consists of two volumes of hydrogen united 
to one volume of oxygen. 

100. The Air or Atmosphere. — The air is a mixture of 
g-ases — that is, the gases composing it are not chemically 
xinited, but merely in a state of admixture. Try air consists 
ch-iefly of the two gases, nitrogen and oxygen ; but it also 
contains nearly i per cent, of a gas called argon, about 0-4 
per cent, of carbon dioxide, as well as traces of ammonia and 
a. condensed form of oxygen called ozone. Besides, these 
g-ases, the air always contains a certain quantity of invisible 
water-vapour. The exact proportions of these gases in 100 
volumes of dry air are as follows : — 


Nitrogen (including argon) . . . . 79’oo 

Oxygen , . 20*96 

Carbon dioxide ...... 0*04 


The argon is included vdth the nitrogen, as it is a similar 
inert or inactive gas, and is separated from it with great 
ciifificulty. The presence of carbon dioxide in the air may be 
proved by the following experiment : — 

Expenment 75. — Pour a little lime-water into a saucer and leave it 
exposed to the air for some time. A thin crust of calcium carbonate will 
then beffonned on the surface of the lime-water, this formation of calcium 
carbonate with lime-water being the chemical test for carbon dioxide. 
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The amount of carbon dioxide in the air varies slightly, 
being a little more in large towns than in the country. We have 
already learnt that when coal and wood are burnt, the carbon 
in these substances unites, with the oxygen to form carbonic 
acid. A still larger quantity of this gas is supplied to the 
air by living animals. In breathing, air is taken into the lungs 
and thence into the blood, and in all our tissues a kind of 
slow combustion goes on. The oxygen of the air unites with 
the carbon in the blood, and the carbon dioxide is then 
expired. Decaying plants and animals also, when freely ex- 
posed to the air, give off this gas, and it is one of the gases 
given off from volcanoes. Seeing, then, that carbonic acid is 
• being supplied to the atmosphere from all these sources, it 
may be asked how it is that the proportion of it in the 
atmosphere does not increase. The explanation is that the 
green parts of living plants in presence of the sunlight have 
the power of taking the carbon from the carbonic acid in order 
to build up their wood and other tissues ; plants decompose 
the carbonic acid, retaining the carbon and setting free the 
oxy^gen. The dry air of the atmosphere is always in a gaseous 
state, and the gases composing it are thus constant in quantity 
from year to year ; and, though the constituent gases have 
different speciftc gravities, there is no tendency to separation 
among them, as gases diffuse uniformly through the space in 
which their particles are free to move. 

Slight quantities of a gas called ammonia are present in the 
air, and of an active form of oxygen called ozone, as well as 
minute particles of solid matter which appear as dancing motes 
in a sunbeam lighting up a shady place. But besides the above 
gases there is always a quantity of water-vapour in the • air, 
and this quantity does not remain constant. We know that 
when a vessel containing water is heated till it boils, the water 
is quickly evaporated and passes into the air in an invisible 
state. But a slow evaporation is going on continually from 
the surface of every exposed piece of water — from river, lake, 
sea, and very slowly even from ice and snow. In ebullition 
or boiling, the bubbles of vapour are generated throughout 
the mass of the liquid, rising to the surface to escape, but in the 
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slower process of evaporation the vapour is derived from the 
surface only. In whatever way, however, the water-vapour is 
formed, the air shows no visible change on account of the 
aqueous vapour added to it, for true steam is invisible. The 
amount of water-vapour present in air varies considerably from 
day to day, but no matter how warm and dry the day is, there 
is always some present. • This may be proved in the following 
ways : — 

Experiment 76. — Bring into a warm room a tumbler full of ice-cold 
water. The outer surface of the glass, though at first perfectly dry, soon 
becomes bedimmed with moisture. The reason is that the air near the 
cold glass becomes chilled, and, as cold air cannot retain as much vapour 
as warm air, some of the vapour is condensed and deposited on the sides of 
glass like dew. 

ExperUnmt 77. — Weigh out into a beaker some strong sulphuric acid, 
or some calcium chloride, and let it stand for some hours. Then re-weigh. 
The beaker will be found to have increased in weight, owing to the power 
which sulphuric acid and calcium chloride have of absorbing water-vapour 
from the air. 


100^7. Nitrogen. — From the table of the composition of the 
air by volume in the preceding paragraph we have learnt that 
the two chief gases in air are nitrogen and oxygen, and that 
there is nearly four times as much nitrogen as oxygen. If, there- 
fore, we remove the oxygen from a closed vessel of air we 
shall have nearly pure nitrogen left. 


Experiment 78. — Float a small porcelain crucible, in a trough of 
water, and put into it a small piece of dry phosphorus. Set the phosphorus 
on fire by touching it with a hot wire, and 
immediately invert over the crucible a bell-jar 
full of air, holding the jar well under water. 

The phosphorus, in burning, combines with 
the oxygen of the air in the jar to form dense 
white fumes of a binary compound called 
phosphoric pentoxide (P2O5). When all the 
oxygen has been used up, the combustion 
ceases. The oxide of phosphorus falls down 
and dissolves in the water to form phosphoric 
acid, the water rises in the jar to take the 
place of the oxygen used up, and the jar 
remains about four-fifths full of a gas which 
is quite colourless, as may be seen after all 
the white fumes have disappeared. This gas 
is the nitrogen of the air, and therefore con- 
tains a little argon. Nitrogen is a very inert 
gas. If a lighted taper be inserted into the 
gas, it is^at once extinguished, and the gas 

itself does not bum. If the gas is shaken up with lime-water, no change 
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takes place, oiul this distinguishes it from carbon dioxide, whicli also 
extinguishes a lighted taper. It seems to serv'c merely tlie purpose of 
diluting the oxygen of the atmosphere, for this experiment shows us that, 
roughly speaking, ordinary air consists of four-fifths nitrogen and one-fitlh 
oxygen. 

That the nitrogen and oxygen of the air are only mixed 
together, and not chemically combined, may be gathered from 
the following experiments : — 

' Experiment 79. — Mix together four volumes of nitrogen with one volume 
of oxygen. Notice that no contraction takes place. A thermometer placed 
in them would show that there is also no change of temperature. Sinet* 
chemical union is always accompanied by a change of tenijKTature, it f«db»W‘- 
that the two gases have not combined chemically together. 1 .owct a 
lighted candle into the two gases, and it will be found that tin* candle 
burns in tlie mixture as in common air. Air, therefore, is a mechanical 
mixture, and not a chemical compound. 

Experiment So . — Invert a large test-tube over mercury, as in Fig. lo:;!, st» 
that it is about three parks filled with air. Pass up into the tube a little 
strong solution of pyrogallol, and then a small piece* of caustic ]»ntash. 
These two substances, when placed together, have the power of absorbing 
free oxygen. Notice that the mercury slowly rises in the tube, owing to 
the absorption of the free oxygen from the air, as may be provtsl by testing 
the residual gas with a lighted taper. 

1 01. Air and Water. — Wc have already learnt that air is 
mainly a mechanical mixture of oxygen and nitrogen, and that 
water is a compound of oxygen and hydrogen. We shall now 
show how the oxygen of the air may l)e made to combine with 
a metal, and how the oxygen in combination with a nudal may 
be made to leave the metal and unite with Iiydrogen to form 
water. 

Expmmcnt Si. — Place some copper turnings, or u roll cop]icr 
gauze, in a hard glass tube. Heat the tithe strongly while .air is gently 
blown through from a small pair of ludlows. Notice that the bright Clipper 
becomes black. If the tului and its contents be weighed before thi* e.Nperi- 
ment and after, an increase of weight will be found. 'J'he copper has b<‘en 
oxidized. It has taken oxygen from the air, and the Idack substance i*. 
oxide of copper — 

Cu -f 0 = CuO 

Copper. Oxygen. Copper oxiile. 

To prove that the black substance fonned hy sending air 
over heated copper is an oxide of copper, wc niu.st perform 
another experiment — 

Expenvient 82. — Take the tube containing the blackened coiijn-r, 
sAxpport it on a stand, heat it, and send over the blackened mass a stream 
of hydrogen (Fig. 99), made as in Experiment 68. Steam is found to pass 
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out at the further end, and this steam, on being led into a cool flaslc, 
condenses into water. Tlie copper regains its original colour and weight, 
for the hydrogen withdraws the oxygen from the copper oxide to form the 
water that is produced. The process of withdrawing oxygen from a com- 

g ound is a process of “ reduction,” and the hydrogen is therefore said to 
ave “ reduced ” the copper oxide to metallic copper. The last two ex- 
periments prove that air contains one of the two constituents of w^ter, viz. 
the gas oxygen. 



Fig. gg. — A, flask in which hydrogen is being generated ; B, U-tube containing coJeium 
chloride ; C, hard glass tube containing copper oxide ; D, tube leading water into 
small flask. 

102. Dlfltinotion between Compotinds and Mixtures — We can now 
distinguish between mixing things together, and causing them to unite 
together so as to form a new compound. In some few cases elements imile 
at once on being brought into close contact, but frequently heat, electricity, 
or some other force must be u 6 ed to bring about chemical imion. If we 
take some iron filings and sulphur we may mix them together in any pro- 
portion, but they do not unite. With a magnifying glass the particles of 
the iron and the sulphur can be separately distinguished, and by throwing 
the mixture into water we shall see that most of the heavy particles of iron 
sink at once to the bottom, whilst the lighter sulphur either floats or siuks 
much more slowly ; or we may dip a magnet into the mixture, and in this 
way the magnet, which attracts iron and not sulphur, may be made to pull 
out all the metal and leave the sulphur behind. Now take fifty-six parts 
by weight of iron and thirty-two parts by weight of sulphur, and heat the 
mixture in a hard glass tube. After a time you see a deep red glow quickly 
spread through the mixture as chemical union takes place. If now you 
examine the material, you will see that you can no longer distinguish the 
iron and the sulphur separately, nor is the substance any longer attracted 
by the magnet. A new substance has been formed, having properties 
different from those of the two elements composing it. This new substance 
is a chemical compound called sulphide of iron. Notice, then, (i) that in 
a mixture the substances con be separated by mechanical ineans, and that 
the substances forming the mixture may be mixed in any proportion, while 
the propei^es of a mixture partake of the properties of the substances put 
together j (2) that in a compound the substances unite together so that they 

JC 
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cannot be separated by mechanical means, and the union takes place in 
certain definite proportions, viz, that of their atomic weights or simple 
multiples thereof, and that the compound is a new substance, possessing 
properties difierent from the elements composing it. Gunpowder is a good 
example of a mixture. It consists of charcoal, sulphur and nitre ground 
to<^ether, but these substances are not chemically united, for they can be 
separated by mechanical means. This may be done by shaking up a little 
gunpowder with water, and filtering. The charcoal and sulphur, being in- 
soluWe in water, are left behind on the biter-paper, whilst the nitre, having 
dissolved in the water, runs through, and can be obtained from its solution 
bv evaporation. Since sulphur is soluble in carbon disulphide, ^ whilst 
charcoal is not, pour on to the remaining mixture a little of this liquid, and 
catch it in a test-tube as it runs through. Let the same liquid pass through 
the mixture two or three times, and then allow it to evaporate slowly away 
by pouring it into a large watch-glass and letting it stand, when crystals 
of sulphur are left behind. The charcoal still remains on the filter-paper. 

103. Diatdnotion between PhyBioal and Ohemioal Changes in Matter. — 
If we take a piece of iron and heat it till it becomes red-hot, it is still iron. 
Hot iron has the same composition as cold iron. ^ If we take the piece of 
iron and magnetize it with a magnet, so that it will attract other pieces of 
iron, it is still iron ; for magnetized iron has the same composition as iron 
not magnetized. The changes that the iron has undergone have given it 
new properties, but they have not altered its composition. Such changes 
are called physical changes, and the physical properties of a body refer to 
its condition, w'hether solid, liquid, or gaseous. Hardness, colour, density, 
crystalline form, and the state of the body as regards its heat and electricity, 
are physical properties. But wherever there is a chemical change, whether 
it takes place slowly or quicklj^, we have a change in coptposiiion. Thus, 
if iron be exposed to moist air, it takes up something from the nir, and 
becomes covered with a red substance called rust. Rust is a new substance, 
of a different composition as well as of a different colour, and with the 
force of cohesion much less than in the iron ; and as it is formed by the 
chemical union of iron and oxygen, it is a compound. The formation of 
rust is an example of a chemical change. The only property that chemical 
action is powerless to alter is that of weight. There is neither loss nor 
increase of weight in ai\y chemical action, for matter can neither be created 
nor destroyed. Again, in all chemical changes the elements combine 
together in fi.xed proportions by weight. On passing dry hydrogen over a 
weighed quantity of copper oxide (Fig. 99} and then re- weighing, the loss 
of weight gives us the amount of oxygen by weight which lias been removed 
to form water. The equation is — 

H2 d- CuO ^ HjO T" Oil 

Hydrogen. Copper oxide. Water. Copper. 

If we collect and weigh the water produced, the difference between the 
weight of water formed and the weight of the oxygen used gives us the 
weight of the hydrogen that has combined with the oxygen to form the 
water. As a result of many careful experiraeuts the ratio of hydrogen to 
o.xygen in water is as i : 8, i.e. water consists of J hydrogen and J oxygen 
by weight. 


0 



CHAPTER XL 

OTHER COMMON ELEMENTS AND COMPOUNDS, 

104. Carbon.— Carbon is an abundant element that occurs in the 
solid condition in three distinct forms — charcoal, graphite, and 
diamond. Charcoal is a soft, amorphous, dull black solid obtained 
by heating wood and other organic substances out of contact 
with air. Graphite is a soft bright crystalline variety of carbon 
often called “ black-lead.” Diamond is an extremely hard 
transparent variety of carbon, its ciystals 
often being octahedral in shape. The 
specific gravity of charcoal is 1*5, of graphite 
2 ‘5, and of diamond 3*3, Though these 
three varieties of carbon are physically so 
unlike each other, they are chemically the 
same substance, for on burning them in 
oxygen the same chemical compound is Fig. loo.—Mociei of 
produced, viz, carbon dioxide. 'VVlren an 
element occurs in forms that are physically dissimilar, but 
chemically identical, the forms are said to be allotropic modifica- 
tions of the element. 

Carbon occurs in nature, not only free, but also in combi- 
nation with other elements to form numerous compounds. It 
occurs combined with oxygen to form carbon dioxide ; it is 
present, associated with oxygen and lime, in the minerals called 
carbonates; and it is a constituent of nearly all animal and 
vegetable matter. Wood, bone, sugar, bread, and coal all 
contain carbon united wdth hydrogen and oxygen. 

Expef^fneiit^2>- — Pl^^ce some chips in a hard glass lube, one end of which 
is then drawn out as shown (Fig. loi). Heat die tube strongly, and notice 
that the wood chars or blackens and a volatile oil is driven out, which will 
burn at tlffi mouth of the tube, A large amount of liquid condenses on 
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tile cool parts of the tube. On breaking the tube the blackened mass 
found to contain free carbon. The liquid is mainly water formed from t 

hydrogen and oxygen that hs 



Fig. ioi. — P reparation of wood charcoal. 


been expelled. Carbon can 
set free and obtained in a simi' 
way from bread, starch, Lor 
and sugar. The process of he: 
ing out of contact with air ih 
illustrated is called destructi 
distillation. 

Charcoal is very poroi 
and floats on cold wat€ 
On being placed in boilii 
water, the air is expelh 
from the pores, and t] 
charcoal sinks. Charcq 
has also a great absorb e 
power for many gases, tl 
absorbed gases passing in 


itz pores and becoming oxidized by the oxygen of the air 


the pores. It is therefore used as a deodorizer and disinfectar 


Decomposing animal matter gives off noxious gases, but whe 
sprinkled with charcoal the offensive smell ceases. The foUo^ 



Fig. 102. 


ing experiment further illustrates the a 
sorbing power of charcoal : — 

Expe>nvie)it 84. — Fill a large test-tube wi 
ammonia-gas and invert it over a basin of mercu 
(Fig. 102). Pass into the test-tube a small lun 
of dry, freshly prepared charcoal. The charco 
soon absorbs the ammonia, and the pressure of tl 
atmosphere on the surface of the mercury in t] 
basin causes tlie liquid to rise and fill the tube. 

105. Carbon Dioxide. — When a pie<; 
of charcoal is burnt in oxygen, the carbc 
and the oxygen unite to form a compoun 
called carbon dioxide. The same sul 
stance is also formed when any carbo 
compound is burnt in oxygen or in ft 
air. Most combustibles that are used ai 


carbon compounds, the carbon being united in most cases wit 
the element hydrogen. i 
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£xperimcjU 85, — Hold a dry jar over a candle-flame or a burning taper 
for about a minute. The jar gathers some of the invisible products of 
combustion. Its sides become bedimmed with moisture formed by the 
union of the hydrogen in the candle with the oxygen of the air. The jar 
also contains some carbon dioxide, formed by the union of the carbon in 
the candle with tlie oxygen of the air. This can be, shown by pouring lime- 



water into the jar and shaking it up. The lime-water is turned milky 
by the carbon dioxide, owing to the lime uniting with the carbon dioxide 
to form particles of insoluble calcium carbonate. 

In the same way treat the coal-gas flame and the flame of a spirit-lamp, 
and in both cases it will be seen lliat carbon dioxide is produced when coal- 
gas or spirit is burnt. 

To obtain a quantity of carbon dioxide for experiments, we 
generally act upon one of the chemical compounds called 
“carbonates.” Limestone or chalk is a chemical compound 
called calcium carbonate, and contains three elements — a metal 
calcium, the solid carbon, and the gas oxygen. Its chemical 
formula is represented thus, CaCOy. Carbon dioxide can be 
obtained from any form of calcium carbonate (limestone or 
marble), either by the action of heat or by the action of an 
acid. Other carbonates, as magnesium carbonate (magnesite)^ 
can be treated in the same way. 

Experii^mt 86. — Place some magnesia alba (magnesium carbonate 
powder) in a hard glass tube. Fit it with cork and delivery tube, as in 
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Fig. 104. Support the tube on a stand and strongly heat it, The carbon 
dioxide driven oflf may be collected in a small trough in the usual way. 
The magnesium carbonate is split up by the heat into oxide of magnesium 
which remains in the tube, and carbon dioxide which is driven off. 
Powdered calcium carbonate may be treated in this way, but it requires a 
much greater heat to drive out the gas. The above reaction is as follows 

MgCO, = MgO + CO3 

Magnesium carbonate. Magnesium oxide. Carbon dioxide. 



Fig. 104, Fig. 105.— Preparation of carbon dioxide. 


Experiment — Put into a flask some pieces of calcium carbonate — 
marble, limestone, or common chalk, (The sticks of “ chalk” used for the 
blackboard are not really chalk, but a preparation of calcium sulphate.) 
Fit up the flask with thistle and delivery tube as shown in Fig. 105. Pour 
down the thistle funnel dilute hydrochloric acid uutil the acid just covers 
the end of the thistle tube. A violent effervescence or bubbling, due to the 
liberation of a gas, soon begins. The gas may either be collected at the 
pneumatic trough or, as it is ij times heavier than air, it may be collected 
by simply allowing it to fall down to the bottom of the jar, and ^so 
gradually to lift out the lighter air. This method of collecting a gas’ is 
known as the method of “ downward displacement.” In order to ascertain 
when the jar is full, we make use of the fact that the gas does not support 
combustion. Insert slowly, therefore, a lighted taper into the jar, and the 
place where it is extinguished \W11 indicate the quantity of carbon dioxide 
the jar contains. 

■ The following equation represents the chemical change ; — 
CaCOa 4- sHCi = CaCL, + H^O + CO^ 

Calcium carbonate. Hydrochloric acid. Calcium chloride. Water. Carbon dioxide. 

106. Experiments to illnstrate the Properties of Carhon 
Dioxide. — It will have already been noticed that carbon dioxide 
is a colourless gas that is neither combustible nor a supporter 
of combustion. A small animal placed in a jar of the gas is 
goon^ suffocated for want of free oxygen- * 
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{a) Pass the gas from the delivery tube into a beaker of water. After 
a short time test the water with a blue litmus paper. It will be found to be 
acid. The gas has dissolved in the water to form a feeble acid, carbonic 
acid. The name ‘‘carbonic acid” is sometimes applied to the gas itself. 
Boil the water. The gas is driven out of the solution, and the water is no 
longer acid to litmus. 

Pass the gas into lime-water for some time. Note that insoluble 
calcium carbonate is first formed (see equation), but after a time is redis- 
solved, and the water becomes clear again. 

CaHaOa + CO3 = CaCOj + H^O 

Linie-water. Carbon dioxide. Calcium carbonate. Water. 

This action of carbon dioxide on lime-water is characteristic of the gas. 
(^r) The heaviness of the gas is shown by the way it is collected. It 
may also be illustrated by pouring the gas from one jar to another, like one 
pours water. The fact that the gas has changed jars may be proved by 
lime-water or by testing with a candle. 

{d) Shake up a little clear lime-water in a large bottle of fresh air. 
Notice the slight cloudiness produced, proving that air contains a little of 
the gas. By means of a glass tube breathe into the bottle and again shake. 
The milkiness produced shows that air expired from the lungs contains 
much carbon dioxide. In fact, expeiiment {b) can be shown by blowing 
down a glass tube into lime-water. 


It is of great importance to notice that calcium carbonate 
is insoluble in pure water. If, however, we take some lime- 
water in a glass beaker, and cause carbonic acid gas (carbon 
dioxide) to -bubble through it for a considerable time, we have 
seen that, although it becomes milky at first, from the particles 
of chalk (calcium carbonate) produced, yet, on continuing to 
bubble in more carbonic acid, it becomes clear. We thus 
learn that, although, as stated above, calcium carbonate is 
quite insoluble in pure water, it dissolves in water which con- 
tains carbon dioxide m solution. On boiling the clear solution 
thus obtained, the carbon dioxide is driven off, and the calcium 
carbonate is again precipitated. Rain-water dissolves a little 
carbonic acid as it falls through the air, and it obtains more 
as it percolates tlirough ground containing decaying animal 
and vegetable matter. In this way it becomes able to dissolve 
calcium carbonate, and in those parts of the counti-y where 
chalk and limestone rocks abound, parts of the rocks are slowly 
dissolved away, and the water of the springs and streams con- 
tains small quantities of calcium carbonate in solution. Such 
water is called hard water ^ and when used for washing pur- 
poses if only “lathers” with difficulty. Water which contains * 
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no calcium salts in solution, such as pure distilled water, or 
rain-water as it falls, is soft water., and the soap “lathers” 
easily with such water. 

107. Lime. — When limestone, or any other form of calcium 
carbonate, is strongly heated for some hours, it gives off carbon 
dioxide, and leaves behind a hard white solid which is called 
lime. This chemical change may be thus represented •• 

CaCO, = CaO 4 - CO^ 

Calcium carbonate. Lime. Carbon dioxide. 

Pure lime is an amorphous white solid, it has no definite 
crystalline shape. It is remarkable because it cannot be melted 
or fused even by the oxy-hydrogen flame, which, however, causes 
it to glow, and so give out an intense white light which is called 
lime-light. Its chemical name is calcium oxide. Obtain a 
specimen of lime, so as to perform the following experiments. 

Experiment 88. — On a shallow dish place a lump of fresh lime, and slowly 
pour on to it some water, a little at a lime. Notice that the lime is getting 
hot. In a few minutes steam will be evolved, owing to the large amount of 
heat produced, d his indicates that a chemical action is going on with I he 
lime and the w'ater, and for this reason this solid is oiten spoken of as 
quick lime. After a short time the lump begins to break up and cnimble 
into pieces, leaving a soft white dry powder which is called slaked lime. 
The change that has taken place can be thus shown : 

CaO + HoO = CaHoGa 

Quick Hme. Water. Slaked lime. 

If quick lime is left exposed to the air it slowly “slakes,” and at the same 
time absorbs carbon dioxide. Shake a Utile of this slaked lime in a test-tube 
with water for a few minutes, filter or allow to settle, and then test the 
liquid with a red litmus paper. It will be turned blue, showing that slaked 
lime dissolves in water to form an alkaline solution. This alkaline solution 
is lime-water. The chemical name for slaked Ume and its solution in water 
is calcium hydrate. Lime-water is much used as a test for carbon dioxide. 

Experiment 89. — Take two test-tubes. Dissolve in one a little powdered 
marble in hydrochloric acid, and in the other a little lime (CaO>m the same 
acid. Gently warm the two test-tubes until the solids have dissolved, and 
then evaporate the solutions to dr}Tiess in two evaporating- dishes. In 
both cases- a white solid is lefi, which, on beintr exposed to the air for some 
Uine,^ deliquesces^ i,e. absorbs moisture. This white solid is calcium 
chiodde, which can therefore be made by dissolving either calcium 
carbonate (marble) or calcium oxide (quick -lime) .in hydrochloric acid. 

108. Acids and Alkalies. — Acids are chemical compounds 
that have a sour taste, turn blue litmus red, and contain 
hydrogen which can be replaced by a metal. The action of 

•turning blue litmus red is spoken of as an add reaction. The 
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compounds called hydrochloric acid, sulphuric acid, and nitric 
acid, exhibit all these properties in a marked degree. We have 
seen (par. 96) that when zinc is placed in dilute sulphuric acid, 
the following change takes place : — 

Zn + H2SO4 = ZnS04 + H2 

Zinc. Sulphuric acid. Zinc sulphate. Hydrogen. 


the zinc displaces the hydrogen in the sulphuric acid. 

The metals, sodium, potassium, calcium, and magnesium, 
when burnt in air or oxygen, form oxides called soda, potash, 
hme, and magnesia respectively. The first two oxides dis- 
solve in and combine with water easily, and the last two are 
slightly soluble in water, and their compounds with water are 
called hydrates or hydroxides. The compounds of soda and 
potash with water have a soapy feel, and turn red litmus blue. 
Substances that have the power of turning red litmus blue are 
said to have an alkaline reaction, and bodies that have this 
alkaline reaction, and also the power of neutralizing acids, are 
called alkalies. The hydroxides of sodium and potassium, as 
well as that of the compound termed ammonium, are examples 
of common alkalies. The hydroxide of sodium (NaHO) is 
frequently called canstic soda^ and ^ 

the hydroxide of potassium (KHO) 
caustic potash. 

Experiments show that when . 


we mix an acid and an alkali, 
each one destroys the distinguish- 
ing properties of the other, so that 
a compound is obtained that has 
neither the properties of an acid 
nor those of an alkali. We say 
that the solution of this compomid 
is neutral^ that the acid has neu- 
tralized the alkali, or the alkali has 
neutralized the acid. 

Expeilmmt 90. — Obtain a piece of 
sodium hydroxide or caustic soda. Notice 
its soapy feel, its caustic or burning 
action on^the skin, and then dissolve it 



Fig. 106. Newth's “ Elementary 

Practical C/temintry.”) 


in water. Dip a red litmus paper in the solution and note the alkaline 
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reaction. Now add, drop by drop, dilute hydrochloric acid, and stir 
with a glass rod. After every drop or two test solution with red litmus 
pajrer, and continue adding the acid until the mixture has no action upon 
the red litmus paper. Now test solution with blue litmus paper. If the 
latter is turned red, the solution is acid, and a little more caustic soda solution 
must be made and added, drop by drop, and the mixture tested after each drop. 
In this way a solution can be obtained which does not affect either red or 
blue litmus. Such a solution is neutral. Evaporate the solution down in 
a porcelain dish to a small bulk (Fig. io6), and then divide it into two parts. 
One part evaporate to dryness, when a white crystalline salt will be left, which, 
on being tasted, udll be at once recognized as co mm on salt. Put the other 
part into a large watch-glass and allow the water to slowly evaporate, when, 
by the aid of a lens, the well-known cubical crystals of common salt will be 
seen. The chemical change tliat has taken place may be thus represented : 

NaHO -f HCl^ = NaCl -f Hfi 

Caustic soda. Hydrochloric acid. Common salt. Water. 

Exptl'imcnt 91. — Repeat the last experiment, using potassium hydroxide 
or caustic potash instead of caustic soda. In, this case potassium chloride 
will be formed when the alkali is neutralized by hydrochloric acid, thus : 

KOH 4* HCl = ' KCl + H 2 O 

Caustic potash. Hydrochloric acid. Potassium chloride. Water. 

If sulphuric or nitric acid had been used in the last two 
experiments, the sulphates and, nitrates of sodium and potassium 
would have been obtained on neutralization of the alkalies, 
according to the following chemical equp,tions : — 

aNaOH + H.3SO4 ,= Na2S04 + 2H3O 

Caustic soda. Sulphuric acid. Sodium sulphate. Water. 

KOH + HNO3 = KNO3 + H2O 

Caustic potash. Nitric acid. PotaRsium nitrate. Water. 

109. Bases and Salts. — Alkalies belong to a special class 
of chemical compounds called bases. A base is a compound 
body capable of neutralizing an acid partly or entirely. Alkalies 
are bases that are very soluble in water. Many of the 
metallic oxides are also bases ; for they, like the alkalies, possess 
the power of neutralizing acids. Thus if copper oxide be 
warmed with diluted hydrochloric acid as long as the acid will 
dissolve it, the corrosive properties of the acid are destroyed, 
and the solution contains a new substance called copper chloride, 
which can be obtained in the solid fomi by evaporation, 
thus : 

CuO + '2HCI = Cuds + H2O 

Coppsr oxide. Hydrochloric acid. Copper chloride. Water. 

In a similar way, by adding zinc oxide (formed by burnmg 



Iron. 139 

zinc in oxygen) to dilute sulphuric acid, we get a substance 
called zinc sulphate, formed thus : 

ZnO + H2SO4 = ZnS04 + H^O 

Zinc oxide. Sulphuric acid. Zinc aulf)hate. Water. 

The compound substance thus formed when a base neutral- 
izes an acid is called a salt.^ and a salt may be defined as a 
compound formed when the hydrogen of an acid is replaced by 
a metal. As seen from the equations in the last two paragraphs, 
water is always formed when an acid is neutralized by a base, 
so that — 


Base + Acid = Salt + Water. 

no. Iron. — The element iron is the most useful of metals. 
It is generally obtained from its ores by smelting. When 
pure it has a white metallic lustre, and does not suffer any 
change in dry air or in distilled water. When, however, the 
metal is left exposed to moist air, or placed in water con- 
taining dissolve^ air, it becomes coated with reddish-brown 
scales we call mst That when iron rusts it combines with 
oxygen to form an oxide, and thereby increases in weight, is 
proved by the two following experiments 

Experitnmt 92. — Into a wet gas-jar sprinkle some bright iron filing so 
that some of them adhere to the sides. Invert the jar into a dish containing 
some water, and allow the apparatus to 
stand for a day or two. At the end of 
the time the filings are bright no longer, 
but have become “ru^y.” Look at the 
water and notice that it has risen inside 
the jar considerably, in fact about one- 
fifth of the volume of the jar is now filled 
with water. Keeping a glt^ plate over 
the mouth of the jar, lift it out of the 
trough and place it upright on a table. 

Test the gas with a lighted taper. The 
light is at once extinguished, thus show- 
ing that the oxygen has been^ removed 
frdm the air that was in the jar. The 
gas left is atmospheric nitrogen as in 
Exper. 78. Rusting, therefore, is a similar process to burang, though the 
former takes place much niore slowly. It is a process of oxidization, and the 
iron filings should have consequently increased in weight.^ 

Experiment 93. — Weigh out ^ accurately about 10 grains of iron filings 
in a crucible or capsule. Moisten them vrith water and dry them rapidly in 
an oven. Repeat the moistening and drying three or four times, and then 
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re-weigh. You will find that the filings have become rusty and have also 
increased in weight. 

III. Mercury. — Mercury, or quicksilver, is the only metallic 
element that is liquid at ordinary temperatures. Its low freezing- 
point (—39*5^ C.), its liigh boiling-point (357° C.), its small 
specific heat (0*033), niake it specially suitable for the construc- 
tion of thermometers (par. 64), while its high specihe gravity 
(13*5) and its property of not wetting glass render it particularly 
suitable for the construction of barometers. 

The specific gravity of mercury may be found in the same 
way as that of other liquids (par. 19). A small bottle is 
counterpoised, filled with water, and the weight of the water 
found. The bottle is then emptied, filled with quicksilver and 
weighed again. The comparative weight or specific gravity of 
the mercury is thus easily obtained. 

Another interesting way of finding the specific gravity of 
mercury may be now described. 


M w 


Experiment 94. — Pour some of the liquid into a glass U-tube so as to 
fill the bend to a little distance on each side. Notice that the column stands 
at the same level in each limb, since water and other 
I liquids always stand at the same level in freely coin- 

mimicating vessels. Now pour into one limb a quantity 
of water, and it will be found that it will so press 
upon tile mercury as to lower the height in that limb 
and raise it correspondingly in the other. Measure 
the height of the colunm of water LM above the surface 
of the depressed mercury, and then measure the height 
of the mercury column in tlie other limb above the 
level of the mercury in the limb to which the water 
was added, PN ; LM will be found to be about 13^ 
times PN. At L and P on the same level the pressure 
is the same, therefore a column of mercury of a certain 
height balances a column of water I3ij times os high, 
and mercury must, therefore, be 13^ times heavier than 
water to do this. 

Fig. 108. Owing to its high specific gravity, a stone, 

a piece of iron, and most other solids, float 
on mercury. All the ordmary metals except iron and platinum 
dissolve in mercury, the metal and the mercury uniting to form 
peculiar substances termed “ amalgams.” Zinc plates used in 
voltaic cells are rubbed with mercury, which adlieres to the 
surface. They are then said to be “ amalgamated,” and this 
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is done to protect the plates from corrosion by the acid when 
the battery is not in use. Looking-glasses are silvered ” with 
an amalgam of mercury and tin. 

Mercury gives off vapour very slowly at ordinary tempera- 
tures, but on heating in a test-tube it is readily volatilized. 
Some of the vapour will condense on the cool part of the tube 
as a bright metallic ring. 

When mercury is exposed to a high temperature in contact 
with air for several days^ a red oxide is formed on the surface. 
This red oxide, if strongly heated, is split up again into oxygen 
and metallic mercury. 

HgO = Hg + O 

Mercuric Oxide. Mercurj’. Oxygen. 

The experiment may be performed, and the oxygen gas 
collected, by using the apparatus shown in Fig. 104. 

112. Silica or Silicon Dioxide (SiOg). — Silica is the only 
known oxide of silicon, and is the most abundant binary com- 
pound found in the earth’s crust. It is found in 
nature in a variety of forms, of which quartz, 
sand, flmt, and agate may be taken as examples. 

Quartz is a common crystalline form of silica, 
the crystals being in the form of hexagonal prisms, 
bounded at the ends by hexagonal pyramids. 

Complete crystals, with both ends perfect and all 
the faces equally developed, are rare. A cluster 
of them may often be found springing from a 
common base and having the free ends of the 
prisms terminated by pyramids (Fig. 109). The 
angle between adjacent faces of a crystal alw^ays 
forms 120°. Quartz is so hard that it will scratch 
glass, and a knife will not scratch it. A pure transparent kind 
of quartz is known as rock-crystal., and is used under the name 
of Brazilian pebble to form lenses for spectacles. 

Sa7id is largely composed of grains of quartz that have been 
worn more or less round by rubbing. Sandstone has been 
formed by the grains becoming united under great pressure by 
some celuenting substance. 



Fig. xoq. — Form 
talcen by quartz 
crystal ; p jTa- 

mid planes; 
prism planes. 
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Flint and Agate non-crystalline or amorphous varieties of 
silica. Flint is a dark-coloured impure variety of silica that is 
found occurring in nodules and sheets. The nodules can be 
broken into fragments wth sharp cutting edges, and such 
fragments were formerly used with a piece of steel for obtaining 
fire. Agate is an extremely hard variety of silica, formed of 
layers having different colours. It is used for making orna- 
ments, and also for making mortars in which substances are 
pounded. 

Opal is an amorphous variety of silica containing water. It 
often shows a beautiful play of colours, and is much used for 
ornaments. 

All the forms of silica are quite insoluble in water, and also 
in all acids except hydrofluoric acid. The amorphous variety, 
however, is somewhat soluble in alkaline solutions. This may 
be shown by trying the action of w^ater and the common acids 
on the varieties of silica mentioned above. 

Silica united with the oxides of other metals ’forms com- 
pounds called silicates. Many rocks, as will be shortly learnt, are 
largely composed of silicates. Most silicates are very insoluble 
substances, but the silicates of sodium and potassium are soluble, 
and are often spoken of as soluble glass. 

Expei'ivient 95.— Obtain some soluble glass composed of sodiiTm silicate. 
Note its glassy appearance when broken. Powder a portion and boil* it 
with a little water. A viscous alkaline solution will thus be obtained. To 
this add strong hydrochloric acid, when a gelatinous mass of silica separates 
out. 


♦ 
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THE MINERALS OF THE EARTHS CRUST 

1 13. The Crust of the Earth. — The term “crust of the 
earth ” is used to denote the exterior portion of the earth that 
can be observed and examined, that is, the “ upper or outer 
layers of the earth’s mass.” We have no means of knowing 
what is now the real structure and condition of the earth’s 
interior ; but by inspecting quarries, railway cuttings, sea cliffs, 
ravines, wells, mines, and the material sent out by volcanoes, 
we can learn something about the outer parts of the solid earth, 
and it is to this outer portion that we refer when we speak of 
tlie “ crust.” The total thickness of the earth’s crust penetrated 
by man is only a few thousand feet, and the highest mountains 
are not more than 30,000 feet high. Although our reasoning 
may lead us to infer something about the rocks to a depth of 
nearly fifty miles, yet, consideiing that the centre of the earth is 
nearly 4000 miles from the surface, we have only knowledge of 
but a small fraction of the earth’s radius. 

1 14. Books and Minerals — Every one has noticed that the solid parts 
of the earth consist of distinct substances, such ns cla_v, limestone, chalk, 
sand, coal, peat, granite, etc. ; and to these several substances which form 
the materials of the earth’s crust we give the name rock. Some are hard 
and firm, others are soft and loose ; but aU alike are called rocks. Hence 
we see that while in ordinary language the word “rock ” denotes a great mass 
of hard stone, in geology a 7‘ock is any mass of natural substance forming- 
part of the earth's cntst. In this sense, loose sand, gravel, and soft clay are 
as much rocks as hard limestone and granite. 

Rocks are formed of various materials called minerals. If we take a 
piece of sandstone rock, or a piece of granite, we shall probably be able to 
notice that the rock is made up of different substances. 

Obtain and examine a specimen of coarse-grained sandstone. On 
looking at ircarefully, especially if we use a magnifying-glass, we see that 
it is composed of little rounded grains of a glassy-loohing substance 
cemented together. In some specimens these grains are larger than in 
others. l%is cementing material is not the same in all sandstones, but in 
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our specimen it is formed of calcium carbonate, for when we drop a little 
dilute hydrochloric acid on the rock there is an effervescence of a gas (carbon 
dioxide) and the cementing material is dissolved. But the little rounded 
gi-ains, which consist of quartz, are not affected by the acid. Sandstone, 
then, consists of quartz grains cemented together by calcium carbonate or 
some other cementing substance. In some sandstones the cementing 
material and the grains themselves are coloured yellow or brown by rust 
(oxide of iron). 

Now take a piece of^'£t«zV<f, and break it with a hammer to get a clean- 
cut face. On looking at this face w’e see that the rock is made up of tliree 
different substances. 


One of these has a glassy appearance like the grains in the sandstone, 
and is so hard that we cannot scratch it with a knife. This is quartz. 
Another of the substances is of a dull white or pinkish colour. It lies in 
long smooth-faced crystalline patches, which easily break along a number 

of smooth parallel surfaces 
having a pearly lustre. It 

I can be scratched with diffi- 
culty by the point of a 
knife. This substance is 
_ called felspar. The third 
^ substance consists of bright 
glistening plates, some- 
times of a dark colour, 
which can be easily 
scratched, and which 
readily split into trans- 
parent leaves. This is mica 
(L^it. mico^ to glisten). 
Notice that these .siib- 



Frc. no. — Piece of CTanite fcrystals of felspar light, 
of mica black). 


stances do not occur in 
any definite order, but are 


, scattered about through 

the stone irregularly, the felsi^ar occurring in some si3ecimens in larger 
crystals than in others. 


Hence we see that granite consists of a mixture of three substances, called 
quartz, felspar, and mica, the felspar being in greatest quantity. Each of 
these substances possesses properties more or less peculiar to itself, such 
as hardness, solubility in acids, specific gravity, crystalline form, way of 
sphtting, etc. Moreover, each of these substances has a constant chemical 
composition. 


Thus quartz is a binarj^ compound known in chemistry as silica, and a 
molecule always consists of one atom of silicon united to two atoms of 
oxyg^ (SiOp). The calcium carbonate is repcesented by the formula 
CaCOg. It is a ternary cqmpound, formed of the three elements calcium, 
carbon, and oxygen, chemically united. It may also be regarded as formed 
of the two oxides, CaO, calcium oxide or quick-lime : and COo, carbon 
dioxide (CaO.COa). 

The felspar of the granite contains four elements. Its formula may be 
thus represented : Al^Ojj, 1^20,68102. This shows it to be made up of 
three oxid^, Al^Oa, alumina ^ K^O, potash; SiOa, silica, that is, it is 
a silicate of alumina and potash. 


115. Minerals.— Inorganic bodies which have i definite 
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chemical composition and constant physical properties, are 
called minerals ; and rocks are formed either of one mineral, 
or more generally of a mechanical mixture of minerals. Hence 
we give the following definition of a mineral : — A mineral is a 
7 iaiurally formed inoi^ganic svhstance which has a constant 
chemical coJnposition and constant physical properties. This 
definition may be understood to include such substances as 
coal and chalk, which are the mineralized remains of plants and 
animals respectively. Even water and the gases of the atmo- 
sphere maybe said to belong to the mineral kingdom of nature, 
as plants and their parts are said to belong to the vegetable 
kingdom, and animals and their parts to the animal kingdom. 

ii6. Chief Rock-forming Minerals.— * The total number of 
rock-forming minerals is large, but many of them are rare and 
form but a small part of the earth’s crust. The following table 
gives the percentage by weight of the most important minerals : — • 


The Percentage of Minerals in the BartKs Crust, 


1. Felspar . , .48 

2. Quaitz . . ‘35 

3. Mica. ... 8 

4. Talc . . . .5 

5. Carbonates of lime and 

magnesia . . i 


I r . Other substances 


6. Amphibole (horn- 

blende) 

7. Pyroxene (augite) 

8. Diallage . 

9. Peridot (olivine) 

10. Clay (in all its forms) 


I 


Though felspar is found to be the most abundant mineral, 
it is worthy of note that siPca (SiOa) is the most abundant 
compound, for it not only occurs separately as quartz to form 
35 per cent, of the earth’s crust, but it occurs in combination 
with other oxides to form felspar, mica, and talc. 

Analysis of the minerals shows the chemical elements 
entering into their composition, and from this a calculation 
has been made of the proportion by weight of the elements 
present in the outer layers of the earth. 


Pe7'ce7itage of Elements in the EartEs Crust. 


Oxygen . 

. 50*0 

7 - 

Potassium 

Siheon . 

• 25*0 

8. 

Carbon | 

Aluminium 

. 10*0 

9. 

Iron 1 

Calcium . 

• 4-5 

10. 

Sulphur I 

Magnesium 

• 3’5 

II. 

Chlorine J 

Sodium . 

2*0 

12. 

Other bodi 


r6 

2-4 


L 
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Oxygen is, therefore, the most abundant element entering 
into the composition of the earth’s solid crust, and silicon is 
next. Neither of these, however, is free or uncombined. For 
the most part the two are combined to form silica. 

Oxygen also, in combination with hydrogen, fonns eight- 
ninths of water by weight (par. 99). It also forms about one- 
iifth by weight of the atmosphere, and in the atmosphere it is 
in the free state (par. 100). 

We will proceed to describe a few of the chief rock-forming 
minerals, after pointing out the various properties that are most 
useful in identifying minerals. 

1 17. Identification of Minerals. — Minerals can be identified 
and distinguished by various physical properties and by ascer- 
taining their chemical composition. The cliief distinguishing 
physical properties are crystalline form, cleavage^ hardness, and 
specijic gravity^ 

Each mineral or special class of minerals has its own 
definite geometrical shape or crystalline form. The crystals 
of each mineral have also a tendency to break or cleave most 
readily in a particular direction. The term hardness, as applied 
to minerals and other solid bodies, is used to indicate resistance 
to being scratched or the power to scratch. The harder of 
two bodies is the one which will scratch the other, and which 
resists being scratched by that other. 

To find the relative hardness of substances, a scale has been 
arranged, beginning with the softest mineral (talc) and ending 
with the hardest (diamond). The minerals of the scale, there- 
fore, are so arranged that each will scratch any other mineral 
of lower number in the scale, or be scratched by any of highei; 
number. 


Mineral. 

1. Talc. 

2. Gypsuni (or rock- 

salt). 

3. Calc -spar. 

4. Flaor-spax, 

5. Apatite. 

6. Felspar. 


38. Scale of Hardness. 

Can be scratched by^ 
the finger-nail. 


Can be scratched by 
knife or file. 


Chemical name. 
Magnesium silicate. 
Calcium sulphate or 
Sodium chloride. 
Calcium carbonate. 
Calcium fluoride. 
Calcium phosphate. 
Potassium ^nd alumi- 
nium silicates. 


1. 

2. 

3 - 

4 - 
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Mineral. 

7. Quartz (rock-crystal). 

8. Topaz. 

9. Corundum (sapphire, 

ruby). 

10. Diamond. 


Cannot be scratched 
by knife or file. 


Chemical name. 

' 7 * Silica. 

8. Aluminium fluosilicate. 

9. These gems are cr}'s* 

tallized alumina. 

.10. Crystallized cai*bdn. 


The important property of specific gravity has already been 
described and the method of finding it explained (par. 22). 

As a first inquiry into the chemical composition of a 
mineral, dilute hydrochloric or sulphuric acid is tried. All 
carbonates effervesce when placed in acid or when acid is 
dropped upon them, while quartz and all the silicates show 
no effervescence w^hen so treated. 

1 1 8. Felspar. — Felspar is the name given to a class of 
minerals consisting of silicate of alumina combined with one 
or more other silicates — silicate of potash, 
soda, lime or magnesia. The two chief 
kinds of felspar are known as orthocla^e 
(straight-cleaving) and plagiodase (oblique- 
cleaving). Orthoclase felspar is a potash 
felspar, that is, it consists of silicate of 
alumina and silicate of potash. It crystal- 
lizes in oblique rhombic prisms (Fig in) 
and shows two cleavages at right angles. i„._cn-sui of fti.par. 
Its colour varies from white to pink ; it 
las a glassy lustre ; and its hardness is about 6. Orthoclase 
brms the most conspicuous mineral in many granites. PJagio- 
:lase felspar is a soda or lime felspar, that is, it consists of 
nlicate of alumina and silicate of soda or lime. It crystallizes 
n rhomb oidal prisms, and shows two cleavages not exactly at 
ight angles. The specific gravity of the felspars varies from 
5*6 to 2*8. The decomposition of felspar gives rise to clay. 
Kaolin^ or china clay, is simply hydrated silicate of alumina 
lerived from the weathering of felspar. 



1 19. Qxiartz. — As already mentioned, the mineral quartz consists of 
ilica or silicon dioxide alone. A crystal of quartz when complete is made 
p of a six-sided prism, terminated at each end by’a six-sided pyramid 
Figs. 109, 1 12). Perfect crystals are rare. One pyramid is often wanting, 
^hile some of the faces are more strongly developed than others. But the 
ngles fori^ed by the meeting of the faces are always of exactly the same 
Lze for the same kind of mineral. 
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Quartz crystals are sometimes clear and transparent, sometimes milky 
white, sometimes purple (amethyst), sometimes yellow (cairngorm), ami 
sometimes brownish (smoky quartz). Quartz is also found massive, i.e. 
without definite crystalline shape, and amorphous or entirely non-^rystallinc. 
Broken quartz crystals are common in sandstone and other sedimentary 
rocks. 

Crystals of quartz show no definite cleavage, are hard enough to scratch 



Fig. iia. — Crystals of quartz (rock-crystal^. The lines on the crj'stals only 
indicate shading. 

dnss or steel (7 on the scale), and have a specific gravity of about 2*8. 
Quartz is also unaffected by all the common acids. 

120. Mica. — Mica is a mineral that consists of silicate of alumina com- 
bined with silicate of potash or magnesia, and that 
crystallizes in six-sided columns (Fig. 113, where the 
crystal rests on one of the six faces of the column). 
The potash micas are wlrite and the chief is called 
muscffvite mica ; the magnesia micas are black, and 
the chief is called HotUe mica. They all have a 
pearly lustre, and the six-sided crystal columns readily 
cleave into six-sided glittering flexible plates. The 
hardness of mica is between 2 and 3, and its specific 
gravity varies from 2 '8 to 3. Broken shining flakes 
of mica are readily seen in granite, loos^ sand, and 



Fic, 113.— Cr>’stal of 
mica. 


in many sandstones. 
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12 1 . Hornblende and Augite are minerals consisting of silicate of 
magnesia wth silicate of lime and oxide of iron. Some varieties also 
contain alumina. They are common in certain igneous rocks. 

The mineral olivine is a ferro -magnesian silicate, and serj>enttne is the 
same with the elements of water. 

Talc is a hydrated silicate of magnesia of Imht colour and ver^ soft 
(i on the scale). It is unctuous to the touch, so Sat the massive vanety is 
called Steatite or Soapstone. 

• 122. Caloite. — Calcite is the name given to an abundant mineral formed 


of calcium carbonate (CaCOg). It is from this mineral that lime (CaO) is 
obtained when the carbon dioxide is driven oft' by heat (par. 105). So that 
rocks consisting of any form of calcite are often spoken of as calcai'eous 
rocks (Lat. calx, caicisy lime). 

Several important varieties of calcite are found. Iceland spar, dog-tooth 
spar, marble, and limestone are common varieties of calcite. 

Iceland spar is a transparent crj'stalline variety of calcite, the crystals 
forming rhombohedrons and ex- 


hibiting the curious optical pro- 
perty of double refraction. The 
rhombohedron is a solid bounded 
by six faces arranged in three 
parallel pairs, each of the faces 
being a rhomboid (Fig. 114). 
Rhombohedral calcite readily 
cleaves into smaller and smaller 
similar rhombohedrons. Its 
hardness is 3, and its specific 



j ^ 1 1 -L. ^^4* — Rhombohedral cr^Tstal of Iceland spar 

In dog-iootn spar tae^ rnom- showing double refraction, 

bohedral crystals of calcite ter- 


minate in pointed pyramids. Marble is a massive vaidety of calcite, though 
a special kind of marble used for statues shows small granular crystals matted 


together. Limestone is a general name used for all kinds of uncrystallized 


calcium carbonate. 


All kinds of calcite are easily scratched with a knife, and effervesce 
readily when a common acid is dropped upon them. 

123. Dolomite. — Dolomite is a mineral formed of two carbonates — 
calcium carbonate and magnesium carbonate — united together. It forms 
rhombohedra when crystallized, has a browish colour, is a little harder 
than calcite, and does not effervesce so easily with an acid. 

124. Gypsum. — Gypsum is a mineral formed of hydrate calcium sulphate 
(CaSO^ -f H2O). It occurs in arrow-headed crystals, in a semi-transparent 
pearly form [selefnte)^ and in opaque masses called alabaster. It scratches 
easily (hardness 2), but does not effervesce witli an acid. When burnt, 
gypsum loses its water, and an opaque white powder called plaster of Paris 
IS left. 


125, Eook-salt is a mineral consisting of sodium chloride (NaCl). It 
occurs in beds of considerable thickness, a bed of gypsum often separating 
two beds of rock-salt. When quite pure it is colourless, but it is often 
coloured by impurities. It crystallizes in cubes, 

126, Ores are minerals from which useful metals may be extracted. 
Thus tinstone, or oxide of tin (SnO^), galena, or sulphide of lead (PbS), 
and red hegiatite, or ferric oxide (FeaOg), are ores. The metallic ores occur 
scattered through other rocks, chiefly in narrow veins or threads, called 
metallic veins. 
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Some metals are found free, that is, imcombined with any other element, 
and they are then said to be native. Gold, silver, platinum, and copper 
are found native. 

127. We now pass on from the rock-forming minerals to 
learn something about the rocks themselves. Before doing so, 
we will ask the student to remember the definition of mineral 
and of rock. He will not then be confused by asking whether 
a given specimen is a mineral or a rock. It may be both, for 
all rocks are formed of one or more minerals. Thus rock-salt 
or dolomite are minerals when we are considering their 
chemical and physical properties; they are rocks when we 
consider that they occur in beds in the earth’s crust. 

The student should pick up for himself as many minerals 
and rocks as he can. For a few shillings a useful collection 
of named specimens can be obtained from dealers. 



CHAPTER XIIL 

THE CLASSIFICATION AND DESCRIPTION OF ROCKS. 

128. Stratified and Unstratified Rocks. — According to their 
origin and mode of formation, rocks are divided into two great 
classes — stratified and unstratified. 

On looking at a sea-cliff, a deep railway cutting, or a quai*ry, 
we are often able to notice that beneath the soil the rocks are 
arranged in more or less parallel layers, either horizontal or 
inclined. Such layers are called strata, and the rocks stratified 



Fig. 115.— Stratified rocks. 


rocks (Lat. stratum, pi. strata, what is spread out). In Fig. 115 
five layers or strata may be seen. Sandstone, limestone, chalk, 
clay, shale, etc., belong to the stratified rocks. 

In other cases no traces of layers or beds can be detected, 
for the rock merely forms a great mass of mineral matter, with 
a massive lumpy appearance ; such rocks are called tmstrattjied. 
Granite tind basalt are unstratified rocks. 
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There is every reason to believe that the stratified rocks 
have been subject to the action of water, for they show indica- 
tions of either having been mechanically suspended in it, or 
chemically dissolved in it. Hence the stratified rocks are also 
called aqueous rocks (Lat. aqua^ water). We believe that the 
beds or strata have been spread out by the action of water 
owing to the many signs of water-action that they still retain, 
and also because we can observe at the present time that, 
whenever a running stream has its velocity checked on entering 
a lake or the sea, the pebbles, sand, or mud that it brings down 
are spread out in horizontal layers on the bottom. But the 
stratified rocks do not always preserve this horizontal arrange- 
ment, for they liave often undergone displacement and upheaval 
after their original deposition. 

The unstratified rocks show many signs of having been 
subject to the action of intense heat, some of them having 
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Fig. ii6. — A, stratified rocks; B, unstratified rocks. 




evidently been in a molten state, the minerals of which they are 
composed showing a crystalline structure. Hence they are 
also called ig?ieous (Lat. ignis ^ fire). These rocks are generally 
found in mountainous districts, and have often been pushed up 
from below through the overlying strata. In one place they 
rise up as huge conical hills, in another they may be seen filling 
up rents and fissures like walls or dykes, while in another 
district they have spread out on the surface in streams of 
lava. 

It is from the broken-down or disintegrated materials of 
the igneous rocks that the stratified rocks have been formed in 
the first instance. Thus by the decomposition of the felspar in 
granite, clay is produced, and most sand-grains have been 
derived from the quartz of the same rock. These san'ci-grains 
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become consolidated into sandstone, and this in its turn may 
be broken up again, to again undergo further consolidation. 

We will now put the differences between these two great 
classes of rocks into the form of a table. 


Stratified or aqueous rocks. 


Unstratified or igneous rocks. 


1. Possess evident marks of bed- 

ding. • 

2. Are derived from previously 

existing rocks. 

3. Are situated usually in plains 

and on the flanlcs of moun- 
tains. 


4. Are formed of minerals which 

have usually a non-crystalline 
structure. 

5. Have plainly been deposited 

one after another from above. 

6. Contain the remains or impres- 

sions of plants and animals 
that existed at the time the 
roclcs were deposited. These 
remains or marks are called 
fossils, and hence such rocks 
are called fossilifermis. 


1. Possess no true marks of bed- 

ding. 

2. Are the oldest and primitive 

rocks. 

3. Are situated in mountainous 

districts, and often compose 
the axis or nucleus of a moun- 
tain chain, sometimes filling 
up long upright fissures, and 
forming vertical masses called 
dykes. 

4. Are formed of minerals usually 

having a crystalline structure. 

5. Have been erupted or driven 

out from tlie interior. 

6. Contain no organic remains 

except such as were buried 
in volcanic ashes or mud 
during an eruption. Hence 
called ufifossiliferoiis. 


129. MetamorpMc Eooks. — Besides the stratified and un- 
stratified rocks, there is another class of locks which, though 
originally stratified, in most cases have undergone great altera- 
tions in structure and composition, whilst traces of fossil re- 
mains have been destroyed. These are called metamorphic or 
transformed rocks (Gr. ineta, change ; morphc^ form). 

To this class belong clay-slate, quartzite, statuary marble, 
mica-schist, and gneiss, which will presently be described. 

The chief agents concerned in these changes are heat, 
water, and pressure. Metamorphic rocks are chiefly found 
next to intrusive igneous rocks; and it is probably owing to 
the heated state of these that many of the stratified rocks that 
adjoin them have been metamorphosed or transformed. 
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130. Orystalline and Non-Crystalline Books , — The above twofold 
division of rocks, based on the mode of their formation into {d) unstratified 
or igneous, and [d) stratified or aqueous, corresponds closely to another 
twofold division, which is based on the texiure of the rocks, that is, on the 
arrangement of the particles forming any given rock. As a rule we find 
that the igneous rocks have a crystalline texture, while the stratified rocks 
are non-crystalline. But to this general statement there are some excep- 
tions. In speaking of cry^stalli^ation we saw that substances assume those 
definite geometrical shapes called crystals when thev have either been in 
solution in a liquid or in a molten condition through heat. When in either 
of these states we know that the particles of, many substances have the 
power of taking up definite positions round a centre as the liquid evaporates 
or as the fused mass cools, and the crystals are formed by the successive 
addition of particles to the exterior, large crystals being built up by the 
regular addition of a number of small crystals. As the igneous rocks are 
believed to have been at one time in a state of fusion, we find that they 
usually consist of a network of interlaced crystals and crystalline particles, 
the crystals being often large enough to be visible to the naked eye, as in 
granite. In other cases we need to make a very thin section of the rock 
and examine it under a microscope to see the crystalline texture ; while in 
the case of a few igneous rocks, such as some lavas, where cooling has 
taken place rapidly, tlae rock only shows a glassy or vitreous structure, as 
in obsidian (volcanic glass). But as these glassy or vitreous rocks often 
show under the microscope incipient forms or beginnings of crystals, called 
microliths, or crystallites, in the glassy base, it is usual to include such 
rocks in the crystalline class. On the other hand, the ashes and other 
fragmentary materials sent out from volcanoes maybe called non-crystalline 
or fragmental igneous rocks. 

The aqueous or stratified rocks, being in all cases formed of materials 
derived from pre-existing rocks, are usually composed of particles having 
no definite arrangement and showing no crystalline structure. These frag- 
ments out of which the stratified rocks have been formed are of various 
sizes, from blocks of several feet to exceedingly fine powder, and have 
been generally massed together irregularly by mechanical compression or 
the infiltration of some cementing substance. The names given to these 
various fragmental or non-crystaUine rocks, and the mode in which the 
particles have been bound together into masses, will be explained presently. 
But where the material from which an aqueous rock has been formed has 
been in solution in water, the deposit from this aqueous solution possesses 
a crystalline te.xture, as in some limestones formed from precipitated 
calcium carbonate, Beds of gypsum (calcium sulphate) and rock-salt are 
other examples of crystalline a<^ueotis rocks. 

The metamorphic rocks, being stratified rocks that have been changed 
by the action of heat and heated water, also show a crystalline texture. 
One peculiarity of this class of rocks, viz. the arrangement of the crystalline 
minerals forming them into layers so as to give them a foliated appearance, 
will shortly be noticed (see Gneiss, par. 141). 

Putting the above in a tabular form, we may set it forth as below ; — 


r Igneous — granite, basalt, etc. 

. \ Aqueous — some limestones, gypsum, rock-salt, 
t Metamorphic — gneiss, statuary marble. 

-ervstaiime f — volcanic ash. 

'frt^nental | sandstone, clay, conglomerate, shfile, coal, 


Crystalline 

Non -crystal line 
or 
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13 1. The Aqueous or Stratified Rocks. — The great class 
of stratified rocks may be divided into three smaller divisions. 
These divisions, with the chief rocks of each division, may be 
tabulated as follows : — 

(^) Mechanically formed rocks from 7 Conglomerates, sandstones, clay, 
detrital sediments J and shale. 

[b] Organically formed rocks from f Limestones, chalk, coral, peat, 
animal and plant remains f and coal. 

(r) Chemically forrned rochs from ) Limestones, stalactites, gj^psum, 
material once in solution J rock-salt, and sinter. 

132. (^7) The Mechanically formed Stratified Rocks. — 
These rocks consist of pieces, large or small, broken from other 
rocks and then consolidated into masses. They are, therefore, 
all derivative^ i.e. formed from pre-existing rocks. Streams, rain, 
and waves are continually wearing away portions of the earth’s 
crust and carrying it down to be deposited at a lower level 
where the water comes to rest. This mechanically suspended 
matter in the water is often called sediment^ and it is easy to 
understand that the larger and heavier particles of the sediment 
will be the first to be deposited, the finer ones being carried 
further. Part of this sediment may consist of small rounded 
pebbles called gravel, part of sand, and part of very fine 
particles called clay or mud. Sedimentary rocks are those 
which have been formed out of sediments on the floors of lakes, 
in river-beds, or on. the sea-bottom, and have afterwards been 
raised above the surface. In process of time the materials are 
made to cohere by pressure and 
the infiltration of cementing 
substances. 

These different kinds of sediment 
give rise to different sorts of sedi- 
mentary rocks — conglomerate^ sanJ^ 
stonCj and clajy. 

Conglomerate^ or puddingstone, as 
it is called sometimes, consists of 
rounded water-worn pebbles, or masses 
of varioiTS rocks cemented togetlier by 
some kind of mineral paste. This Fig. i 17.— Conglomerates, 

cementing material may be formed 

of carbonate of lime, silica, or oxide of iron. It is brought in solution by 
water, anil as the water evaporates is deposited among the pebbles as a 
cement. 
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The pebbles forming a natural conglomerate may be derived from any 
kind of rock. If the pebbles are composed of quartz, or flint, we may 
call it a silicious conglomerate ; if of limestone, a calcareous conglomerate^ 
When the rock-fragments that are cemented together have sharp angular 
corners, showing that they have not been subject to much water -action, the 
rock is called a breccia. 

Sandstone. — This rock has already been described (par. 114)' 
rounded water-worn grains of sand, which have been derived mom the 
breaking up of rocks containing quartz, sometimes lie separate, and form 
large beds of loose sand. This loose sand consists mostly of silicious grains, 
sometimes with small particles of mica and fragments of shells. 

On some sandy coasts, as the tides run down, the sand is left dry, and 
being caught up by the wind is blown inland, so that in the course of years 
a ridge of hills, called sand-dunes, is formed. When the loose sand is, 
however, left undisturbed at the bottom of the sea or of a lake, in process 
of time it becomes consolidated pressure and by cementing material. 
This cementing material varies as m the case of conglomerate, and hence 
we have calcareo-ns sandstones and ferruginous (Lat. ferrum, iron), 
according as the cementing .material is calcium carbonate or oxide of iron. 
The oxide of iron usually colours the sandstone yellow or red. Sandstone 
is much used for building purposes, often forming window-sills, lintels, and 
doorposts. Some kinds show a tendency to split into slabs parallel to the 
stratification, and are then much used for flagstones. When the silicious 
particles are rather large and angular the sandstone is called a gritstone. 
Such gritstones are often used for grindstones and millstones. 

Sandstones are spoken of as arenaceous rocks (Lat. arena, sand). 

C/ajt consists of very fine sedimentary particles that adhere together and 
form a substance that can be easily moulded into various shapes. Hence 
it is said to be plastic. It is the last result of the waste of rocks by water 
and other natural agents. It is chiefly composed of silicate of alumina with 
water (Al203,2Si0a,2H20). It is derived mainly from the decomposition of 
felspar and other aluminous silicates by the action of the weather, the 
potash and the soda being washed away, especially by water containing 
carbonic acid in solution. It is generally foimd in valleys and lowlands, 
and has the important property of being impervious to water. Hence 
where there is a series of beds of porous rdicks, such as sand, gravel, or 
chalk, resting on clay, the water sinks through these until it reaches the 
clay. It then accumulates until it can find an outlet, for clay is an imper- 
meable rock (par, 230). Clay is often mixed with various impurities, which 
impart to it a brown, red, or blue colour. Kaolin, or china clay, is the 
name given to a pure kind much used for the manufacture of porcelain. 
Common clay is much used for making bricks. 

Rocks containing much clay are called ar^llaceous (Lat. argilla, clay). 

When mixed witli water, clay forms mua, though the word “mud” is 
applied to any finely dividecl mineral matter. 

Shale is clay or mud that has become hardened, and which splits into 
thin plates or laminte, parallel to the stratification. Such rocks are said 
to be laminated, and thus show that tliey have been gradually deposited 
tmder water. 

Shales are often dark-coloured through vegetable matter, and frequently 
have the impression of ferns, etc., distinctly marked. All clayey rocks give 
out an earthy smell when breathed upon. 

• 

133. (^) TI10 Organically formed Stratified Rooks. — This 
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division of the aqueous rocks consists of the remains of once 
living organisms, that is, the remains of animals and plants, 
that have become mineralized and hardened. The organic 
rocks include the various kinds of limestone, coral, coal, peat, 
and the silicious rock, termed sinter. 

Llmestoiie is a name often used to include all rocks that 
consist of calcium carbonate (CaCOa). The limestones that 
are of organic origin include chalky encrinital Ihnestone^ oolite^ 
and coraL 

Chalk is a white soft limestone consisting largely of the 



Fig. I i 8.— Various forms of foraminifera, highly magnified. 


minute shells of foramimfei‘<t, Toraminifera are minute specks of 
living jelly-like protoplasm that possess the power of secreting 
calcium carbonate from sea-water, and of forming with it 
beautiful microscopic many-chambered cells. The protoplasm 
occupies the interior of the shell and sends out thread-like 
processes through apertures (Lat. foramina^ holes) in the shell 
(Fig. ii8, r). 

Glohigerince are a very common kind of foraminifera. On 
rubbing soft natural chalk with a brush and allowing the finer 
particles to be washed away, tiny shells and fragments of shells 
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of various shapes may be seen under the microscope. In a 
thin section of the harder variety similar shells may be seen, 
most of them belonging to the foraminifera. 

We shall afterwards learn that foraminifera still live in countless 
millions in the sea and form their tiny shells so that a white chalk)' deposit 
called globigerina ooze is now being deposited on the ocean floor (par. 197). 

An interesting point connected with beds of chalk is the fact that nodules 
of flint (silica) are often found in great numbers among the chalk. The origin 
of tliese flint nodules is interesting, for the silica of which they are made 
appears to have been in solution in sea-water containing gas in solution. 
This dissolved silica, partly derived from sponge spicules, has then been 
deposited around some nucleus, and the masses so formed have fallen down 
among the chalk, producing ooze. 

Th^ere is a variety of organic limestone called e^tcrinital liniestone^ since 
. it is largely composed of the calcareous joints of small marine animals, 

termed sea-lilies or encrinites, 
which attach themselves by 
means of a jointed stem. This 
limestone, after being exposed 
to weather action, often show 
parts of these jointed stems 
very clearly. Polishing the 
stone also brings out its struc- 
ture. 

Another kind of limestone 
common in some parts of 
England is called oolitic lime- 
siaiie^ or oolite^ or roe-stone 
(Gr. oou^ an egg). It is so- 
called because it consists of 
small rounded calcareous grains cemented together. 

134. Coral is an important variety of limestone that has an 
organic origin, for the calcium carbonate of which it consists 
has been secreted from sea-water by certain small gelatinous 
animals that belong to the class called actinozoa (rayed animals). 
This particular kind of actinozoa is called the coral polyp. Its 
body is only a mass of soft jelly, with numerous feelers or 
tefatacles at the upper part j but it has the power of attaching 
itself to submerged rocks in the sea, and of depositing near the 
outer and lower part of its body a hard mass of calcium 
carbonate drawn from the sea in which it lives. It thus 
becQpes__fi^, _^oes _o^JiicreasingTirTiS^”^d breadth) ^ 
m uftiplying jn_yafmusjTOys, as by budding' and 'spTtting^each''- 
.:^smngTO^grinfo a perfecF'polj^T’fHmE'lads-to-^ 
of hard~sub'stance^dej)g 5 itg.J'T n'iru s ~TOy~a reIfoHiea^^^ 



Fig. iig. — Limestone showng stems of encrinites. 
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of coral of considerable size and of varying shapes. AVhen 
the coral polyp dies the soft parts of its body decay and are 
washed away, but the hard skeleton remains behind, and 



Fig. lao.—Stone cpruls. 


accumulates on the floor of the sea to form masses of land — 
coral reefs and coral islands. 

It must not be supposed that the coral rock is the result of 
“ work ” on the part of the coral polyps, in the sense that a 
bird works when it builds its nest. The 
secretion of calcium carbonate from the 
sea-water is as much an unconscious 
process as is the extraction from food 
of the mineral matter that forms our 
bones; apd the coral land accumulates 
by the animals dying below, while new 
animals grow above. There are two 
classes of the coral polyps — detached 
corals^ living in nearly all seas at any 
depth; and reef-building corals^ which 
can live only in clear water within a 
limit of 20 fathoms from the surface 
and where the water is above 68° F. 

Hence coral rocks are only found in warm waters of the 
tropical seas. There are many kinds of the coral polyps, and 
the coral rock is of various forms. Some are shaped like the 



Fig. X2r. — Small piece of coral, 
magnified, showing the ex- 
tended tentacles or the coral 
polyps. 
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branches of trees, others resemble tufts of clustered leaves, 
some form roundish masses, while still others arc like groups 
of coloured twigs. When the animals are living their branching 
feelers are seen expanded in a great variety of colour and form. 

Coral rocks are found as ridges or banks in the sea, and 
are therefore called coral reefs. Coral reefs are divided into 
three classes : — 

(1) Fringing reefs ^ which form a ridge of rock at a short 
distance from some mainland or island. 

(2) Bn?‘rier reefs^ which are banks running nearly parallel 
to the coast at a greater distance than fringing reefs, so as to 
leave a broad channel. 

(3) A foils, which are ring-shaped belts of coral reef, en- 
closing a lagoon of shallow water, and forming an island. 

It has already been stated that the reef-building corals require for tlieir 
existence clear water not below 68^ F. of temperature, so that where tlie 
water is mudd}’, as near the mouths of large rivers, or where cold currents 



Fig. 122.— Rocky island bordered by coral reefs (Rafter Dana), g, fringing reef ; 
barrier reef ; /t, hy openings in -the reef. 


or other causes bring the water below the above temperature, there the 
reef-building polyps cannot exist. Nor can they exist but in shallow water, 
for they seem to die at a greater depth than 100 feet. They flourish best 
where the water is in constant motion and where it is clear, as at the outer 
edge of tlie reef. Hence the range of coral reefs and islands is limited 
by these conditions to a district about 25° on endh side of the equator. 
The Bermuda Islands, which lie in the course of the Gulf Stream, form 
the northernmost point at which reef-building corals are found, but the 
Atlantic Ocean has not many of these rocks. Some are found among the 
West Indies and Cape Verde Islands, and off the coast of Florida. In 
the Pacific there is a belt of coral rocks, both islands and reefs, stretching 
from the Low Archipelago to the Caroline Islands. There is also in 
the Indian Ocean a band of coral islands between Madagascar and India, 
including the Maidive Islands and the Laccadive Islands. Numerous reefs 
also occur in the Red Sea (see map II.). The largest barrier reefs are those 
off the island of New Caledonia and off the north-east coast eff Australia. 
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The Australian barrier reef is nearly 1200 miles long;, and usually about 
120 miles from the shore. At its outer edge it rises out of the sea from a 
depth of 1800 feet. 

135. Coal. — Plants consist of carbon, hydrogen, oxygen, 
and nitrogen in various combinations. After vegetable matter 
has been buried in the earth it suffers decomposition, gives off 
various gases, such as carbnretted hydrogen (CHj) (called also 
marsh-gas, and by colliers fire-damp), carbonic acid, and water, 
so that the residue becomes richer and richer in carbon. 

By compression and alteration they change into peat, 
lignite, coal, and anthracite. The following table from Roscoe 
and Schorlemmer’s “ Chemistry,” which gives the percentage 
composition of these substances, shows that the elements which 
make up woody fibre are the same as those which make up 
coal ; and as we pass from wood up to the kind of coal called 
anthracite we see how the percentage of carbon increases, and 
how great a decrease there is in the percentage of O and N. 

There is also a slight decrease in the percentage of ‘ 


hydrogen. 





Carbon. 

Hydrogen. 

O.^gen and 
nitrogen. 

Wood 

50*00 

6*00 

44*00 

Irish peat .... 

60*02 

S-8S 

34’io 

Lignite from Cologne 

66*96 

5-25 

27*76 

Earthy coal from Dax 

74*20 

5 89 

19*90 

Cannel coal from Wigan . 

85-81 

5-85 

834 

Newcastle Hartley . 

88-42 

5-61 

5*97 

Welsh anthracite 

94-OS 

3-3'? 

2-57 

The vegetable nature of peat is plain from its chemical 


composition, from its fibrous appearance, and from its being 
found in boggy places where marshy plants grow and decay. 
That coal also is of vegetable occurrence is proved by its 
chemical composition, by the fact that peat under very great 
pressure is changed into a black shining material resembling 
coal, by the numerous fossil plants found in coal, and by the 
fact that when a thin slice is examined luider the microscope 
vegetable tissues and cells are distinctly visible. Lignite is a 
BrOwn coal formed of woody matter mineralized to a less 
extent than ordinary coal, 

M 
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When peat and coal are burnt they pass oft as gases, leaving 
a small quantity of incombustible mineral matter behind, which 
we call ash 

136. Peat consists of a brownish -black compressed mass of partially 
decomposed vegetable matter. It is found in many marshy and boggy, 
districts. At tSe surface of a peat there grows a green living moss, 
called ‘^bog-moss,” with other marsh-loving plants. A few inches below 
are found the brown, rotting fibres of the dead moss, and still further, the 
mass becomes denser and darker. Still deeper, 8 or 10 yards deep, we often 
find a compact blacldsh substance which can be cut into blocks. These blocks 
are piled in stacks, allowed to dry, and used for fuel. 

Coal and peat are both of vegetable origin, but they differ in chemical 
composition (peat having a less percentage of carbon and a greater per- 
centage of oxygen and 
hydrogen), in density 
(peat being less dense 
than coal), in the kind 
of plants out of which 
ea(di has been formed, 
and in their mode of 
occurrence. Coal is 
found* buried in the 
cinst of the earth in 
^eds or seams, varying 
in thickness from a few 
inches to several yards. 
As it is arranged in 
layers, and as by ex- 
amining a large piece 
we can find one par- 
ticular direction in 
which it will split most 
easily, it is plain that 
coal is a stratified rock. 
Every bed of coal is 
found to rest upon bed of clay, usually hai'dened into shale, and this 
“under-clay,” as it is called, is penetrated by numerous roots shooting 
down into it. Above the coal-seam we find another bed of clay or sand, 
which is called the “ roof” of the coal, and in which are found numerous 
stems and branches of plants. Further in the coal itself the impressions 
of ferns and other plants are sometimes visible ; and if a very thin section 
be examined under the microscope, thousands of spore-cases or seed-vessels 
may often be seen. Putting all these facts together, it becomes quite 
certain that coal is formed out of the remains of old vegetation ; that the 
plants from which it has been formed actually grew on the spot where the 
coal is now found; that the “under-clay” is the old soil in which these 
plants grew ; and that the “ roof” represents the accumulation of sediment 
deposited on the vegetable remains after the old land surface had sunk 
beneath water. 

It has been found that the vegetation out of which coal has been formed 
indicates a warm moist climate and a low marshy district. Numerous 
ferns, some of very large size, were found ; and huge reed-like plants having 



Fjg. 133. — Section aho'wing coal-seam, a, coal-seam ; d, 
under-clay ; 6 , c, shale and sandstone forming roof. 


a jointed fluted stem, and known as calamites, were abundant. An enor- 
mous number of plants related to our club-mosses, but reaching the size of 
ordinary trees, flourished. Of these, the lepidodendron and the sigillaria 
are noteworthy. The stems of the lepidodendron were marked with lozenge- 
shaped scars ; the sigillaria had cylindrical fluted stems of great height, 
marked longitudinally with leaf-scars, and having long spirally pitted roots 
called stigmaria. All these belonged to the class of flowerless plants ; but 
in addition to these a number of true trees related to the pine and yew have 
been noticed. 

Coal, then, may be regarded as composed of the remains 
of the stems, branches, leaves, and spores of ferns, calamites, 
lepidodendra, sigillaria, and pines. 

Numerous generations of these plants 
lived and died, so as to heap up a 
great thickness of vegetable remains, 
and in time the surface of the land 
where this accumulation was taking 
place sank beneath the sea. Most of 
the trees were overthrown, but others 
remained standing until the whole was 
buried beneath the sand and clay de- 
posited around. This accounts for 
the “ roof ” of the coal-seam so often 
containing the upright stems of trees. 

The vegetable matter thus entombed fig. i24.~sigiiiaria stem with 
remained for thousands of years, 

imdergoing changes due to the great pressure upon it and 
the chemical actions going on within it. After a long period 
this old land was raised again a little above the level of 
the sea by deposits of mud, etc., and another rank and 
luxuriant vegetation began to grow. The land sank once more, 
sand and mud again covered the vegetation, and a second coal- 
bed was formed above the first. By repeated depressions it is 
easy to see that several coal-seams might be formed in succes- 
sion over the same area. 

137 (c). Chemically formed Stratified Rocks. — This division 
includes all those rocks formed of material that has been dis- 
solved by various natural waters, and then deposited by the 
chemical process of precipitation. It therefore includes some 
limestories, for besides the limestones already described (the 
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organic limestones, chalk, and coral), there are masses of 
calcareous rock that have been deposited from solution. 

It must be remembered that pure water does not dissolve calcium 
carbonate (carbonate of lime), but only water containing carbon dioxide 
in solution. Rain-water always contains a certain amount of carbon dioxide 
dissolved out of the air, and this quantity Is sometimes ^eatly increased 
as the water passes through decomposing organic material in the rocks. 
Besides, during its underground course the water is often under great 
pressure, and it can then hold more carbon dioxide and dissolves more 
carbonate of lime than at the surface. As the air is reached some of the 
carbon dioxide escapes, and part of the carbonate of lime is precipitated. 
Such sprinprs, on reaching the surface, deposit a film of carbonate of lime 
on everything around, and if birds’ nests or bits of wool be left in the spray 
from such a spring they soon acquire a coating of this substance. Popularly, 
springs like this are called petrifying springs (Lat. petra^ a rock or stone). 
But it is a mistake to suppose that the substance has been turned into stone ; 
it has only received an outer covering or incrustation of carbonate of lime. 
But before such springs come to the surface much work has been done by 
the water. Great cavities are frequently formed in limestone rocks by the 
solvent power of the water thus charged with carbon dioxide. Such 
caverns are frequent in the limestone districts of Derbyshire and other 
parts. Not only are caverns thus formed by masses of rock being dissolved 
away, but curious effects are sometimes wrought within these caverns. As 
the water hangs on the roof, some of it evaporates, and thus deposits a 
portion of the limestone held in solution. In process of time there is formed, 
m this way, a pendant mass of calcium carbonate like an icicle. This is 
called a Sialactiie, Some of the water dropping on the floor gives up, on 
further evaporation, more of the limestone in solution, find thus a projection 
rises on the floor of the cavem like the one on the roof. This is ciled a 
Stalagmite. At times the stalactite from the roof and the stalagmite from 
the floor meet and form a continuous column, as is sliowm in Fig. 38. 
Travertine^ or calcareous tufa, is a porous friable limestone deposited at 
the surface, often on a hill-side, by the waters of a calcareous spring. 

Beds of rock-salt (sodium chloride, NaCl) several hundred feet in thick- 
ness are found in Cheshire, Bohemia, and otlier places, and these beds 
must have been formed by the evaporation of bodies of water. The Dead 
Sea and the Great Salt Lake of Utah are examples of great enclosed salt 
lakes, which were originally fresh, as is shown by the fr^water organisms 
found on their shores. The water of these lakes is carried off by evapora- 
tion as fast as, or faster than, it is brought in, and hence the amount of 
dissolved matter increases. The valley of the Dead Sea is the lowest on 
the earth, the surface of the water being 1298 feet below the level of the 
Mediterranean, Its waters now contain 24 per cent, of salts by weight, 
or nearly seven times the proportion in ordinary sea-water. The Caspian 
and Aral seas were originally salt, being situated in a depression which is 
believed to have once communicated with the Arctic Ocean, subsequent 
elevation of the land having cut off the connection. Deposits of rock-salt 
are now forming on the beds of tliese lakes. 

Dolomite is a chemical limestone fhat contains magnesian carbonate as 
well as calcium carbonate. It is sometimes called magtiesian limes tone^ 
and has probably been formed by the percolation of water containing dis- 
solved magnesium carbonate through an ordinary limestone. 

Gypsum is found as a deposit in the old beds of certain lakes fhat have 
held tliis compound (calcium sulphate) in solution. 
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Sinter is a light, porous rock composed of silica that is deposited by 
.evaporation around the mouths of geysers, and in the neighbourhood of 
some hot springs. Silica is quite insoluble in ordinary water, but the hot 



Fjg. 135.— Entrance to the Cave of Adelsberg (in Carniola, 23 miles N. of Trieste). 
Stalactites are seen hanging from the roof, stalagmites rising from the floor. 

alkaline water- of geysers, charged with soda or potash, can dissolve it. 
Minute plants belonging to the class algre live in this heated water, and 
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secrete portions of the silica in solution. On their death they aid in 
increasing the deposit of silica. 

138. The Igneous Eocks. — Igneous rocks are rocks tJiat 
have at some period been in a liquid state owing to intense 
heatj and that have then cooled from the state of fusion. They 
are placed in two great divisions termed Volcanic and Plutonic^ 
the distinction being dependent upon the conditions under 
which the fused matter has cooled. 

The Volcanic Rocks have been formed from molten matter 
that has either been sent to the surface of the earth, or suffi- 
ciently near the surface to be relieved from pressure, so that 
they have cooled with comparative quickness in contact with 



Fig. 126. — Diagram of the three great classes of rocks. 
M = metamorphic ; V = volcanic. 


the air. Volcanic ashes and the different kinds of ejected lava 
belong to this division. 

The Plutonic Rocks consist of materials that have been 
forced as dykes^ into fissures, or pushed as intrusive sheets 
between layers of stratified rock, so that they have cooled 
slowly under great pressure. Granite^ Lyanite^ Piorile, and 
Gahbro belong to this division. 

The distinction between the two classes gradually gets less, 
as will be understood from the diagram (Fig. 126), where the 
plutonic is seen passing upward into the volcanic. But the 

^ The term dyke is used to describe the wall-like mass of igneous rock 
filling a great fissure in the earth’s crust. 


Igneous Rocks. 


167 


distinction is important, because the rate of cooling affects the 
internal structure of the rock. 

The volcanic rocks that have cooled rapidly have a glassy 
texture or are hemlcrystalline^ i,e. have small crystals in a glassy 
ground-mass, while the deep-seated plutonic rocks are holo- 
crystalline (Gk. holos^ whole), that is, crystalline throughout. 
We may tabulate the facts thus stated about the Igneous Rocks 
as below 


Igneous rocks 
(cooled from a 
state of fusion). 


/Volcanic rocks (cooled at or near 
I the surface, are glassy or hemi- 
1 crystalline). 

j Plutonic rocks (have cooled below 
I under pressure, are holo-crystal- 
\ line). 


Volcanic ashes and 
lavas. 

Granite, syenite, 
diorite, and gab- 
bro. 


All these igneous rocks consist of chemical compounds termed silicates, 
with or without free silica ; that is, they consist of silica united with one or 
more oxides of such metals as aluminium, potassium, calcium, magnesium, 
and iron, and some have a proportion of free silica besides. The relative 
proportion of silica in the igneous rocks, whether free or combined with 
metallic bases to form silicates, leads to their being divided into three 
divisions. Since silica acts as a weak acid, those igneous rocks that contain 
silica in large proportion (above 66 per cent.) are called acidic rocks ; those 
igneous rocks that contain a relatively small per cent, of silica (45 to 
55 per c^nt.), and a relatively large per cent, of metallic bases are called 
basic recks ; while those igneous rocks that have a percentage of silica from 
55 to 66 are called iniertnedinie rocks. The acid or highly silicated igneous 
rocks are often of light colour, and, being poor in lime, magnesia, and iron, 
are difficult of fusion. The basic or poorly silicated igneous rocks are 
darker in colour, of higher specific. gravity than the acid rocks, and have 
no quartz or free silica. 

The annexed table summarizes the information just given about the 
classification and composition of the igneous rocks, and it will aid us in 
describhig each rock given in it. 


Chemical 

Mineral composition. 

Plutonic : ho- 

Volcanic. 

division. 

locr^'stalline. 

\ r • -N 

jHemicrystalline. Glaasy. 

Acid 

Quartz, orthoclase 
felspar, and mica 

Granite 

Rhyolite 

Obsidian 

pumice 

Intermediate 

Felspar ( 0 . or P.) and 
hornblende 

Syenite and 
Diorite 

Trachyte 

and 

Andesite 

Trachyte- 

glass 

Basic 

% 

Plagioclase felspar 
and augite, with 
oxides of iron, lime, 
or magnesia 

Gabbro 

Basalt 

Tachylite 
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After learning^ the above table, it will be easy to state, 
regarding any plutonic or volcanic igneous rock, its general 
chemical character, its mineral composition, its general internal 
texture, and the circumstances under which it cooled and 
consolidated. 

139. Volcanic Igneous Rocks. — The two kinds of volcanic 
rock are volcanic ashes and lavas. Volcanic ashes consist of tlie 
dust and smaller fragments driven out from volcanoes, and 
these will be described in the next chapter. Zava is the name 

given to the more or less 



molten rock which rises up 
the tube or pipe of a volcano 


Fig. 137. — Section of lava stream, a and b, 
acoriaceous surfaces ; c, solid interior. 


and flows out over the edge 
of the crater at the top, or 
forces its way through fissures 
in the side. Some lavas flow 
quickly, like molten iron, 
while others are less liquid, 
and move very slowly. In 
some cases the lava stream scarcely reaches the bottom of the 
mountain, but in other cases it runs many miles. The upper 
surface of a lava stream cools quickly, and has generally a 
cindery or scoriaceotis appearance. It is full of small holes 
or cells formed by the escape of steam from its surface, so 
that it has a spongy texture. Tins gives it what is called 
a vesicular or cellular structure (Lat, vesicula^ a small bladder). 
The lower portion of the lava stream is also cooled by contact 
with the rock beneath. In the middle, however, the lava 
stream cools very slowly, and acquires a more solid and glassy 
structure. The interior of a lava stream sometimes retains a 
great heat for several years. 

The chief kinds of lava are given in the column headed 
“ volcanic ” in the preceding table. 

Rhyolite and Obsidian are acid lavas having the same 
mineral composition as granite, but differing from granite in 
texture and mode of origin. Rhyolite (Gk. rhyomai^ to flow) 
is an acid lava showing a striped flow-structure like many 
furnace slags, and consisting mainly of small crystals embedded 
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in a glassy ground-mass. Obsidian^ or volcanic glass, is similar 
in composition to rhyolite, but having cooled quickly, it only 
shows a vitreous structure and resembles dark bottle-glass. 
Pitchsto?ie is a duller variety of obsidian. 

As lava rapidly cools into the vitreous or glassy state, 
a froth or scum, full of small elongated cavities formed by 
escaping steam, and gases, is produced. This is ptptiice. 
Pumice, in fact, is the grey, rough, and porous variety of igneous 
rock formed from any glassy lava. It occurs both in the form 
of ejected masses and also on the surface of lava streams. 
With its cavities full of air after cooling, it is lighter than water, 
and floats, though if the pumice be reduced to powder it 
quickly sinks. After a time, floating pumice becomes water- 
logged, and sinks. 

Trachyte Andesite are intermediate lavas consisting of a variety of 
felspar combined -with hornblende, but having no free quartz. Trachyte 
(Gk. trachys, rough) is usually grey, and has a rough, harsh feel ; Andesite is 
somewhat darker, and has a greater proportion of plagioclase felspar than 
trachyte. It is common as a lava in the volcanoes of the Andes. 

Basalt is a dense basic lava of a dark coloin, that breaks with a con- 
choidal or shell-like fracture. It consists of plagioclnse felspar and augite 
combined with certain metallic oxides, and shows a finely grained or hemi- 
crystalline texture in a glassy base. The basalt rocks are found both as 
intrusive masses and as sheets that have been poured out on the surface. 
Many of these lava sheets of 
basalt in slowly cooling and 
solidifying acquired a columnar 
structure, the columns often 
having a more or less hexagonal 
shape, though the number of 
sides varies (see Fig. 128). 

Interesting examples of tliese 
columnar basalts occur at Fin- 
gal’s cave in the island of Staffa, 
and at the Giant’s Causeway in 
the north of Ireland. 

Trachyliie is the quickly 
cooled glassy form of basalt, 
and but rarely found. 

140. Plutonio Igneous Books. — As shown in the table of Igneous Rocks, 
the plutonic varieties belong to the three chemical divisions, but all show 
a distinct ciy'stalline structure. . Granite (Lat. granutn, a grain) consists of 
crystals of orthoclase felspar, mica, and free quartz, arranged as a coarsely 
crystalline aggregate (par. 114). Many varieties of the rock are known, 
due to differences of texture and small differences in mineralo^cal com- 
position. The felspar is usually orthoclase, and varies in colour Irom white 
to red. When the crystals of felspar are very large the rock is called a 
porphyritic g7‘aniie. The mica ui most granites is usually potash mica 
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(muscovite), and has a silvery lustre ; in some granites, however, the mica 
is magnesia mica (biotite), and appears as a lustrous black mica. The 
quartz of granite usually forms a sort of matrix or bed for the crystals of 
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felspar and mica. It can be detected by its glassy lustre and by the failure 
of a knife to scratch it. 

Granite not only occurs in large eruptive masses forming the central 
parts of maiiy mountain chains, but also in smaller dykes, veins, and bosses. 
When granites are weathered — that is, exposed to the action of frost, heat, 
rain, and rain-water containing carbonic acid — the felspar crystals are slowly 
decomposed, and the rock crumbles away. The soluble potash and soda 
silicates in the felspar are washed away, hut the silicate of alumina forms 
a white powder called kaolin, or china clay. The quartz breaks up into 
small grains, and the mica into thin flakes, and these grains fonn the sand 
found on the beds of rivers, and on the sea-shore, becoming more rounded 
and reduced the longer they are submitted to the action of the water. In 
lime, and under suitable conditions, this sand may become consolidated 
into a sedimentary rock, and the sandstone thus formed may itself suffer 
disintegration (breaking up) and re-formation many times. 

Syenite is an intermediate plutonic rock differing from granite in the 
absence of free silica (quaiiz) and in the fact that hornblende usually takes 
the place of mica. It was originally obtained from quarries at Syene in 
Egypt. Diorite is a syenite in which plagioclase felspar replaces orthoclasei 
It occurs in the Malverns and North Wales, and is quarried for sets. 

Gabhro is a tenn applied to dark-coloured crystalline basic plutonic 
rocks that consist of plagioclase and augite with one or more basic oxides. 
A finer kind of gabhro is called dolente. 

141. Metamorphic Rocks. — Metamorphic rocks are rocks 
that have undergone extensive changes of structure since their 
first formation. Such tfansformed rocks are found'^either in 
contact with intrusive igneous dykes and sheets (Fig. 126), or in 
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those regions of the earth where the strata have been subject 
to enormous lateral pressure. The chief agents of meta- 
morphism thus appear to be great heat with water and immense 
lateral pressure. The chief changes of structure effected by 
metamorphic action are ciystallization and foliation. As 
examples of metamorphic rocks we may mention marble, 
quartzite, slate, gfieiss, and the schists. 

Crystalline Limestone, or statuary marble, is only limestone that has been 
altered by fusion so as to give it a granular texture like loaf sugar. Some 
marbles are coloured by mineral matter, and all are capable of being polished. 

QuaHzite is sandstone that has been hardened by partial fusion, so that 
the grains of sand have run together, and can no longer be obtained separate 
on breaking the mass. 

Slate is shale that has been hardened and othei-wise changed by intense 
lateral pressure, and is composed mainly of aluminium silicate. In speaking 
of shale we described it as a hardened clay that splits into laminse or thin 
leaves parallel to the layers of deposition. This shale was formed by film 
after film of fine sediment having been placed one on another, and this 
compacted by pressure from above, so that the films or laminae acquired 
a tendency to separate one from another like the leaves of a book. The 
shale has undergone further alteration by great lateral pressure, causing it 
to split or cleave into leaves in a direction different from the bedding ; and 
such altered shale is called slate. Cleavage, or slaty cleavage, is the name 
given to the tendency found in some rocks to split into layers or flakes 
more or less perpendicular to the original layers of deposition ; while lami- 
nation (Lat. lamina, a leaf) is the name given to the arrangement in thin 
layers parallel to tlie bedding. Shale has a laminated structure, but slate 
shows cleavage. 

G-neiss. — Gneiss is composed of the same minerals as granite, viz. quartz, 
felspar, and mica, but the minerals are arranged in layers or bands. Rocks 
in which the minerals are arranged 
in layers are said to be foliated, and 
this foliated arrangement of the 
minerals is tlie great peculiarity of 
gneiss. It occurs among the oldest 
known rocks of the earth’s crust. 

Here is a drawing of a piece of 
gneiss, showing the foliated arrange- 
ment of the component minerals. 

The light layers consist of granular 
felspar, with here and there a little 
mica and quartz. The dark bands 
indicate layers of black mica inter- 
mingled with grains of grey quartz, 
the dark layers. 

The term schist (Gr. schizo, to split) is applied to any metamorphic rock 
that actually splits into folia or leaves not parallel to the original bedding. 
Those schists that have had their constituent minerals re-crystallized and 
re-arrangec^ ai'e called ctystalliiie schists, and are named after their predomi- 
nating mineral. Thus mica-schist is a crystalline metamorphic rock con- 
sisting of irregular wavy layers of mica and quartz. 



Fig. 130. — Gneiss. 
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INTERIOR OF THE EARTH-- VOLCANOES ; EARTH 
QUANES, AND OTHER MOVEMENTS OF THE 
EARTHS CRUST 

\ 142. Density of the Earth. — Astronomers have been able to 
calculate the weight of the earth, and have shown that it is about 
5^ times heavier than a globe of the same size composed of 
water. The mean density or specific gravity of the materials 
that form the crust is a little less than 3. The average density 
of the earth is thus about twice the density of the rocks forming 
its crust. We are, therefore, forced to conclude that the interior 
portions of the earth are specifically heavier — /,<?. of greater 
density — than the outside crust. The explanation of this 
increase of weight in the materials of the earth’s interior is a 
question still in dispute. In consequence of the enormous 
pressure exerted on the rocks in the interior by the rocks over- 
lying them, some assert that these deeper rocks, composed of 
the same kind of materials as those in the crust, will be com- 
pressed or squeezed into so much less space, that this increase 
of density is easily accounted for, and that the increase of 
density would be stUl greater were it not for the expansive 
force of the heat in the earth’s interior. Others doubt this 
great compressibility of solid substances, and believe that the 
interior portions of the globe are composed of heavier and 
different materials than those near the surface. These materials 
are thought to consist largely of metallic elements, such as iron, 
nickel, and cobalt, either free or forming alloys with one another. 
It has been pointed out that in this respect the earth’s interior 
would be similar in composition to those pieces of matter 
flying through space which sometimes fall on the earth as 
meteorites. 
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143. Internal Temperatnre of the Earth.— A thermometer on the 
surface of the earth, or buried only a few inches below the surface, shows 
variations of temperature depending on the time of the day and the season 
of the year. But these variations do not penetrate far into the crust At 
a distance below the surface of about fifty feet in Britain there is a stratum 
of invariable temperature, this constant temperature being usually nearly 
the same as the average temperature of the surface. The depth at which 
this constant temperature is found varies somewhat wnth the climate. 
Below this depth the temperature increases, so that at the bottom of a 
deep mine the miners usually take cff their clothes. The rate of increase 
vanes for different places, being on the average 1° F. for every 60 feet of 
descent, or 8S° F. for every mile. These facts have been ascertained by 
taking the temperature in mines, borings, and deep wells. In the Rose 
Bridge Colliery, near Wigan, a shaft has been sunk to the depth of 2445 
feet, and the temperature at the bottom is about 94° F., the average tem- 
perature at the surface being 49^^ F. This gives an increase of about i° F. 
for every 54 feet. Water rises from an artesian well near Paris from a 
depth of 1800 feet, and this water has a temperature of 82'^ F., being 
about 29° more than the average temperature. Other proofs of the high 
temperature of the interior of the earth are found in the existence of volca- 
noes sending out molten masses of rock, and in geysers and other hot 
springs discharging large volumes of heated water. These hot springs 
occur most frequently in the neighbourhood of volcanoes, but they are also 
found in other districts. There is one at Bath, the waters of which have 
a temperature of 120° F. 

144. Interior not Fluid. — But though there is thus a high temperature 
existing in the earth’s crust, and though there is a more or less regular 
increase of temperature with depth, it does not follow that the interior of 
the earth is in a liquid state. If the rate of increase (1° F. for every 60 
feet) continues to depths for below tliose observed, it is certainly true at a 
depth of about two miles the rocks would be as hot as boiling water, while 
at a depth of forty or fifty miles the heat would be sufficiently great to melt 
any rock if at the surface. But at such a depth the pressure would be very 
great, and under increased pressure the melting-point of solid bodies is 
raised. They require more room when melted than when solid, and if the 
.pressure prevents them from getting that space they cannot melt. We 
thus see jthat even if the temperature at great depths be above the fusing- 

S oint of the rocks, they may be kept in the solid state by intense pressure. 

lut we are not certain that the temperature at great depths does follow the 
regular law of increase observed in the rocks of the crust. In some places 
the increase of temperature is much greater than the average given above, 
and in some places much less. It varies from 1® F. for every 20 feet of 
depth to F. for every 100 feet. It has been noticed that the rate of 
increase is very high in. places that have been recently the seat of volcanic 
acdvity. It may be pointed out that the calculations of astronomers show 
that the observed motions of the earth are inconsistent with a fluid interior. 
The most probable conclusion, therefore, is that the earth is mainly solid 
throughout, but that liquid spaces or cavities are formed by diminution of 
pressure or the inflow of water, both of which might reduce the fusing- 
point of the rocks, and from these spaces volcanoes derive the material 
which they eject. 

145. Definition of a Volcano. — It is not easy to give a 
satisfactory definition of a volcano, but we can easily avoid 
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some of the mistakes often committed, and on which we shall 
afterwards remark. Here are examples of more or less accu- 
rate and complete definitions which will serve our purpose, and 
which will be better understood shortly. “A volcano is a 
more or less conical hill or mountain, usually truncated, com- 
municating with the interior of the earth by a pipe or funnel, 
through which issue hot vapours and gases, and frequently loose 
fragmentary materials, and streams of molten rock.’^ — Prof, f 
Geikie, A volcano is a more or less flat cone which is, or has' 
been, connected by a channel with the depths of the earth, and 
which serves, or has before served, as an outlet for gaseous, 
solid, and glowing liquid masses.’’ — Credner, 

It will be noticed that in this last definition there is implied the fact 
that some volcanoes cease to send forth materials and become inactive. 
Hence the distinction between actwe and volcanoes. “An active 

volcano may be defined as a passage or pipe which affords to deep-seated 
mineral matter in a state of fusion the means of transmission through the 
earth’s crust, and of egress at its surface. A passive or extinct volcano is 
one in which this communication is obstructed, either by a plug of solidified 
lava, or by accumulations of fragmentary matter — a dissipation, temporary 
or permanent, of the eruptive energy permitting the solidification of the 
molten matter. Should an augmentation of the eruptive force occur, the 
plug will either be shattered and ejected in the form of lapilH and ashes, or 
re-melted and poured out as lava ; but if it be unable to reopen the old 
passage, new vents may be produced, either within or without the lip 
of the crater.” — Rutley. It will be noticed that in the definition of an 
active volcano, last given, no mention is made of a hill or mountain. 
No doubt this is because the essential and most important part of the 
volcano is the pipe or tube through which the ejected materials are sent, 
and also because the hills or mountains, when present, are built up out 
of the materials sent out, and are thus the results, and not the causes, of 
the volcanic activity. In the definition of an extinct volcano we must also 
notice that though no volcanic action of any kind is now taking place, yet 
it is possible that activity may again burst forth. Before a.d. 79 Vesuvius 
might have been regarded as an extinct volcano, for the great crater called 
Somma, which then occupied the summit, bad never been known to be in 
activity. But in that year it came into sudden activity • half of the crater 
was blown away, a gi-eat eruption took place, and the new crater, the 
pre^nt Vesuvius, was formed within the old one. It has continued in 
activity at intervals ever since, new cones being frequently formed, or old 
ones altered in shape. In the Auvergne district of Central France many 
denuded cones of extinct volcanoes still exist. No record or tradition of 
any eruption, however, remains. Even w^hen the cone has entirely dis- 
appeared, the neck or solidified plug of lava may still remain to fix the site 
of a volcanic vent. When a volcano only throws out steam and gases, it 
is said to be dormant^ or in a quiescent state. Renewed activity may occur 
at any time. A dormant volcano usually forms only a small cloud of steam 
near its summit. . * 
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146, Signs of an Eruption. — In some cases eruptions take 
place without any warning symptoms, but in other cases there 
are indications for various periods beforehand. Loud rumbling 
sounds are heard from the mountain, and as these increase in 
intensity shocks of earthquake follow the noises, and the quak- 
ings return at shorter and shorter intervals. These form one 
of the surest and most general signs of an eruption, especially 
when the volcano was previously quiet. The water in wells 
and springs sometimes ceases to flow. This is no doubt owing 
to the disappearing of the water into rents and fissures below. 
At other times springs issue fortli in fresh places, or wells which 
were before pure become muddy. The sea, too, may be affected 
by the ground shocks, rising and sinking in an unnatural way. 
But all these signs may fail and the eruption come quite 
suddenly, as did that of Vesuvius in 1853. 

147. Phenomena accompanying an Eruption. — After the 
signs and warnings, or without them, as may be, the vapour 
from the crater at the top of the vent increases in volume while 
the lava ascends in the pipe or funnel, and the phenomena 
usually occur in the following order: — 

(1) The outbreak begiiis with a mighty shake of the mountain, and the 
highly expanded steam and gases burst forth, scattering in tremendous 
explosions minute fragments of the lava. These explosions are quickly 
repeated, and huge ball-like masses of steam are driven upwards towards 
the sky. If there is little wind these rise nearly straight up and then spread 
out to form a horizontal cloud, so that the appearance of the column and 
cloud is like that of an Italian pine-tree called the stone-pine. This pine- 
tree column, consisting of steam, gases, and fine particles of volcanic dust, 
reflects the glowing redness of the masses of heated rock and molten lava 
in the crater below, producing the appearance of flames. That they are not 
real flames, but produced by the reflection of the lava glow in the crater 
on the millions of steam bubbles in the column, is evident from the fact 
that they show no fluttering motion, and are not driven out of their steadi- 
ness by any wind. The steam-cloud soon begins to condense, and a great 
downiall of rain occurs, sweeping the loose volcanic dust down the slopes 
of the mountain, and forming torrents of mud-lava that often do more 
destruction than the real lava stream. Lightning and thunder accompany 
such an enii^tion, the electricity being probably generated by intense friction 
of the steam and dust particles. 

(2) Closely following and partly accompanying the outburst of steam 
and gases there is a great discharge of dust, ashes, and stones. These are 
derived partly from ure lava in the funnel, and partly from the walls of the 
crater, and either fall back on the sides of the cone, increasing the size of 
the moun^in, or into the crater, whence they are again ejected, each time 
being reduced to finer powder. Some of the very fine powder is carried to 
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148. Products of an Eruption.— We may place the products of eruption 
under the following heads : (i) steam and gases \ (2) fragmental materials ; 
(3) lava. 

(i) Steam and Gases . — The most abundant of the substances ejected is 
steam or water gas. As before stated, it is erupted in large globular masses, 
each of which is the product of an explosion in the molten lava of tlic funnel 
or crater. 

But besides steam there are the following gases : carbonic acid, hydro- 
chloric acid, sulphur dioxide, sulphuretted hydrogen, sulphuric acid, 
nitrogen, and ammonia. Some of these volatile substances react on one 
another and on the heated rocks, forming a number of secondarj^ products. 
Thus the sulphuretted hydrogen and the sulphur dioxide produce by their 
reaction water and free sulphur (S0a-b2SH3 = 3S-i-2H20). This free sul- 
phur thus produced, not sent out of the volcano as such, is deposited in the 
fissures and cavities of the crater. 

, The hydrochloric acid acts on the rocks, uniting with. the iron to form 



Fig. 132. — Summit of Vesuvius in 1756. 


yellow ferric chloride. The acid gases form with the heated lavas other 
soluble salts, as sulphates, chlorides, carbonates, etc. The free hydrogen 
is inflammable, and burns with a pale blue flame, which is sometimes 
coloured by metallic oxides ; but, as already 
remarked, the huge red glow so conspicuous at 
night is not due to flame, but is only the re- 
flection on the steam-cloud of the heated lava 
below, 

(2) Fragmoital Prodncts . — These consist of 
the solid materials sent out during an eruption, 
and are of various §izes and kinds. Some of the 
broken material Is formed of pieces torn off the 
rocks through which the eruption has occurred, 

but most of it conasts of ragged cindery lumps p" .33, -Volcanic bomb,, 
blown away from the lava bubbling and seething 

below. The larger angular pieces are spoken of as volcanic blocks. At 

N 
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times masses of fluid lava are sent spinning into the air, and these during 
their rotation acquire a globular, oval, or pear-shaped form, and hardening 
as they fall are called volcanic bombs. A vokajtic bomb is thus a round, 
oval, or pear-shaped mass of cooled lava that has acquired its form when 
rotating in the air. It may vary in size from a few inches to two or three 
feet in diameter. It is often cellular inside, the lava having been distended 
with bubbles ; sometimes hollow, hut occasionally it has a solid nucleus. 

ScoricB or cinders is the name given to the rough, angular, 
cindery-looking material sent out from the volcano, or forming 
the slag and scum on the surface of some lava streams. The 
word “ cinders ” only refers to the appearance of the substance, 
and does not mean that it is a partly burnt fuel like the cinders 
of a fire. Scoria resembles more the slags and clinkers of an 
iron furnace, which are the partly fused glassy rock, 

Fnmice is the light, porous, rocky material sent out from 
the crater or formed on the surface of glassy lavas. Its com- 
position and description wiU be found in a previous paragraph 

(139)- 

Lapilli are small ejected volcanic fragments varying in size 
from a pea to a nut 

Volcmiic ash or dust is the fine light grey powder or dust formed partly 
from the bubbling lava, and partly by the attrition or friction of the 
ejected loose materials. These often fall back again and again into the 
crater, and are thus reduced to smaller and smaller particles, some as large 
as sand grains, hut others finer than the finest flour. It is so called from 
its resemblance to the ashes of our fires, not because it is the incombustible 
mineral residue of a fueh So minute are the particles of this volcanic dust, 
that it readily finds its way through the smallest chinks into houses, boxes, 
drawers, etc. This finely divided volcanic dust is sometimes carried by the 
steam column to a height of several miles, and tlien borne away by the 
upper currents of the atmosphere to very great distances. Dust from the 
Icelandic volcanoes, for instance, has often been known to fall in Norway 
and Sweden. The eruption from Vesuvius in 472 A. D. carried ashes over as 
far as Constantinople. It has even been met with by ships at sea at a 
distance of more than 1000 miles from the volcano tliat has thrown it out. 
In this way volcanic dust becomes spread all over the ocean. Some of the 
pumice sent out from volcanoes is also cast into the sea, and carried away 
by the waves far from land. In time this pumice sinks. There is thus 
formed on the floor of the ocean a deposit of these volcanic materials, sO 
that from the deeper portions (above 2000 fathoms), where no sediments are 
brought, and where no calcareous remains fall, as tliey are dissolved before 
they reach the bottom, pumice and ashes have been dredged up, as well as 
certain red, grey, and chocolate-coloured clay^ due to the decomposition of 
these volcanic materials. The presence of this deposit of red clay was one 
of the most important facts discovered in the expedition of the Challenger. 
The colours are due to the presence of oxide of iron and oxide of manganese. 
A remarkably violent eruption took place on the small island of Krakatoa, 
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in the Sunda Straits, between Java and Sumatra, during the year 1883. 
Up to Maj^, 1883, the volcano, which formed a peak nearly 3000 feet high, 
had been mactive for a long time. In that month shocks began to be fdt, 
and steam was seen issuing hrom the summit. The activity of the volcano 
gradually increased, until a series of tremendous explosions on August 26 
and 27 blew away the cone and the CTeater part of the island. The sea in 
the neighbourhood was thrown into huge waves, which, sweeping over the 
coasts of Java and Sumatra, destroyed several vill^es, and drowned 30,000 
people. Immense quantities of pumice, lapilli, ashes, and the finest dust 
were thrown into the atmosphere. Ships within a distance of twenty miles 
were in total darkness during the 27th, and the dust was observed falling 
by vessels at a distance of 1000 miles. The sea was covered for severm 
weeks with a great thickness of floating pumice. So great was the concus- 
sion produced in the atmosphere that the air-vibrations disturbed the whole 
atniog)here of the globe. The finest particles of dust remained for a long 
time floating in the uwer currents of the air, and were carried by the wind 
all over the earth. The presence of this impalpable volcanic dust caused 
a peculiar glow in the sky at sunrise and sunset for several months in 
nearly every country, and rain and snow which fell in Spain and other 
distant parts were found to contain the same materials as those forming the 
ashes from Krakatoa. 

149. lava Streams. — The composition and varieties of lava have already 
been described in speaking of igneous rocks. The rate at which a lava 
stream flows varies considerably. Sometimes it flows down the mountain 
cone like a rapid river, but usually it is very viscous and flows slowly. The 
slowly moving lavas have a wrinkled and twisted surface like coils of rope, 
but the currents that move quickly usually give off great quantities of steam, 
and this causes the upper layer to become scoriaceous or cindery. It thus 
appears that a large mass of water imprisoned in the lava increases its 
mobility. This upper layer of scoriae is very vesicular, and the ragged, rough 
masses are very dafficult to walk upon. A section of lava stream has 
been showm and described in Fig. 127. All rocks are bad conductors of heat, 
and therefore when once a solid crust has formed, the interior portion 
retains its heat for a long time — in very thick lava streams for many years. 
During the slow cooling it often splits up into more or less regular columns, 
such as those seen in the mud of a dried-up pool. This exi^lains the 
columnar structure of basalt already referred to (par. 139). 

It should be remembered that the fine ashes, lapilli, pumice, bombs, and 
scoriae are all formed from the lava, and have therefore the same composi- 
tion as the lava from which tliey are derived. 

As already mentioned, lavas are mainly silicates of the following metals 
— aluminium, magnesium, calcium, iron, potassium, sodium — in varying 
proportions ; these silicates being formed by the union of the binary com- 
pound silica (SiOa) witb the oxides of these metals. The acid lavas, or 
those containing a large proportion of silica (66 to 80 per centi), as trachyte, 
are lighter in colour and more difficult to melt than the basic lavas, as 
basalt — which only contain 45 to 55 per cent, of silica. In all cases oxygen 
forms nearly one-half the weight of dl lavas (see par. 139). 

Some lava currents are congealed before they reach the bottom of the 
cone, while others reach many miles. Lava streams from Vesuvius have 
several times reached the sea, a distance of about five miles. ^ A stream 
came from one of the numerous lateral cones of Etna of 1669 which reached 
a length fifteen miles, with a width in some places of five miles. ^ It 
ran the first tbirteen miles in twenty days. In 1783 a stream fifty miles 
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long and twelve miles broad issued from Skaptar Yokul in Iceland, Where 
a volcano reaches above the snow-line, like Cotopaxi, the outpour of lava 
sometimes produces gi-eat floods. Eruptions occasionally take place beneath 
the surface of the sea, throwing up huge columns of water, and in some 

r - — 



Fig. 134. — Breadhed pumice cone with obsidian lava stream. 

cases causing an island to appear. In 1831 an island called Graham’s Isle 
was thrown up off the coast of Sicily to a height of 600 feet by a submarine 
eruption. In the course of a few months, however, this scoria cone was 
washed away by the waves, and the materials spread over the sea bottom. 

150. Oanse of ErapticnB. — It is plain, from the enormous discharge of 
steam during volcanic eruptions, that the vapour of water plays a very im- 
portant part in these phenomena. The expansion of large volumes of steam 
when under great pressure is believed by many wniters to be the chief cause of 
the rise of lava, as well as the cause of the ejection of the cinders and ashes. 
When the water penetrates into the cavities where molten matter is present, 
the steam generated is thought to exert such force as to press up the lava 
in the duct of the volcano, and Llien burst in huge bubbles as the pressure 
on it lessens near the surface. Other writers state that the rise of lava is 
due to a slight shrinking and contraction of the earth’s crust. 

15 1. Structure of Voloanio Mountains. — The cones and craters of 
volcanoes have many varieties of form, and during an eruption great changes 
are often, produced. They range in height from a few feet to nearly four 
miles. Vesuvius is not quite /ijooo feet, Etna is 11,000 feet, and Cotopaxi, 
in Peru, 18,876 feet. The cone which constitutes the mountain is built up 
of the materials ejected from the crater, though some of the finer materials 
are carried, os previously shown, by the winds and distributed over the sea 
and distant lands. The materials, however, mostly descend round the spot 
where they are thrown out, and the thickness of the deposit becomes less 
and less at a greater distance from the vent. .There is thus built up a 
conical structure, tinmcated or cut off at tlie top, the materials of the sides 
of the cone being arranged in layers sloping outwards, but the materials 
that fall ■within the crater slope inwards. In some coses, owjng to the 
action of the wind, the cone is much higher on one side than on the other. 
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Some cones are built up almost entirely of scorise or cinders, 
and these constitute the fragmentary materials sent 'out. There 
is a large number of such cinder’Coiies among the extinct 
volcanic peaks in the Auvergne district. In the Lipari Islands 
are found cones almost entirely composed of pumice. Such 
pumice-cones have been formed of the material exploded from 
the surface of a glassy lava. 

Some cones are mostly formed of the smaller fragmentary 
materials called lapilli and ash. As already explained, rain 
often causes this to come down as mud, which consolidates in 
layers of volcanic tuff or tufa. The tuff-cones have not such a 
steep slope as the cinder-cones. 

There are cones composed partly of scoria and partly of tuff, 
the materials being arranged in layers so as to have a stratified 
arrangement. 

Cones are found wHich are almost entirely composed of lava flows. 
The lava, as it wells out, either accumulates in dome-shaped masses or 
spreads out on all sides in such a way that a gi'eat conical heap is formed 
with a very wide base. The great volcano of Mauna Loa in the island of 
Hawaii, one of the Sandwich Islands, is a lava cone, and has a height of 
nearly 14,000 feet, and a breadth at the base of seventy miles. The slope 
is therefore very small compared with the slope of such volcanoes as Etna 
and Vesuvius. Its crater is a huge pit two or three miles across and over 
700 feet deep, at the bottom of which is liquid lava. Kilauea is another 
great crater on the side of the same mountain, but sixteen miles distant 
from Mauna Loa. The crater is several himdred feet deep and nearly 
three miles across. In the centre of this huge pit is a seething, fie^, 
liquid lake of lava. The molten rock heaves and bubbles with the fluidity 
of molten iron, dasking in waves against the solidified walls of lava, or 
throwing up on its surface cones and fountains of lava. At intervals of a 
few years the fiery liquid rises up to the brim of the crater and overflows, 
or, os is more usual, bursts through rents in the side of the mountain. 
The two craters do not appear to have any connection, though situated on 
the same mountain, and they are different from most other volcanoes 
in only discharging lava, which is of a very glassy kind, and in their 
discharges being seldom accompanied by any great explosions. 

But most of the volcanic mountains of the globe are built up partly of 
fragmentary materials and partly of lava that has run down the sides. 
These alternate in such a way as to give the cone a stratified appearance 
when seen in section. 

Such cones are called composite cones. Here are two views of such a 
cone, the first exhibiting the cone as seen from above, and the second 
showing it in vertical section. 

But even this view of a composite cone is not quite complete. As the 
molten lava is being forced up from below, some of it is injected into 
cracks and fissures in the cone, and at times one of these fissures opens on 
the flanks of the cone, and a small lateral cone is then produced. But 
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mucli of the lava injected into these fissures solidifies there, and forms veins 
or walls of rock known as dykes. These dykes traverse the ‘layers of ash, 
tuff, and lava previously sent out. Fig. 136 is an ideal section of such a 
dyke-traversed composite cone, showing also lateral parasitic cones. We 


l.fl. ■ 



c 



Fig. 135. — Plan and section of a composite volcanic cone. 
ctf tuflF; hy lava ; c, ashes and scoriae. 


may therefore say that three kinds of material enter into the structm-e of 
most volcanic cones ; — (r) loose scoriee, lapilli, and ash, arranged in layers 
on the side and giving it a stratified appearance ; (2) lava streams that 
have been sent out from the crater or from fissures in the sides, and, flowing 
down the cone, have become interstratified with the loose materials ; (3) 
dykes or masses of lava filling up cracks and fissures in the cone. 

152. The Crater of a volcano is the cup-shaped depression or chasm 
found at the summit or on the flanks of the hill, and at the bottom of 
which is situated the duct or pipe that communicates with the heated 
interior. It has usually a circular form, owing to the expansion in all 
directions of the explosive vapours that rise from below. Craters vary in 
size, some of the very large ones being more than a mile in diameter and 
more than a thoumnd feet deep. The inner walls of the crater frequently 
present a rough and rugged appearance. The bottom of the crater when 
quiescent is a rough plain, with here and there heaps of loose material 
^ving off steam and hot vapours. At night the glowing lava ni^y be seen 
through fissures. 



Distribution of Volcanoes, 


183 


153. Errors about Volcanoes, — We often find, especially in older 
books, many mistakes in ,the definition of a volcano. For example, a 
volcano is often described as ‘^a burning mountain sending out fire and 
smoke from its summit.” Now, as we have seen, the essential part ts the 



Fig. 136.— Ideal section of volcano showing dykes of lava and lateral craters 
forming lateral cones. 


duct or pipe communicating with the heated interior, and at the beginning 
there is often no mountain at all, the mountain being built up of jiie 
materials ejected. The fiery glow that is usually seen is not due to burning 
or combustion, for this and the supposed flames are caused by the reflection 
in the steam -cloud of the red-hot lava in the crater below. What is 
spoken of as “smoke” is only the condensing water vapour sent out in 
great globular masses from the heated lava- Real steam is invisible, but 
as soon as it comes into contact vnth the colder air it begins to condense 
into minute particles of “water-dust.” These minute particles of water- 
dust. form Tmat is usually spoken of as the steam column, which after 
attaining a great height is still further condensed, and falls in drops as 
rain. Nor does the volcanic action always take place at the summit of 
the hill where one has been formed, as eruptions frequently occur through 
fissures formed in the sides. 

For more correct definitions than the above, see paragraph 145* 

154. BTumber, Position, and Distribution of Volcanoes. — The number 
of active volcanoes now found on the surface of the earth is a little over 
300. If we include those extinct volcanoes which still possess a conical 
form and signs of a crater, we shall probably find the total nearly 1000. 
One of the first things to notice regarding the position of volcanoes is the 
fact that they are mostly situated near the sea, on islands, or on the borders 
of continents. The only exceptions to this rule are five or six volcanoes 
said to exist in Central Asia, in the Thian Shan Mountains and Maiichooria, 
and two or three in Central Africa. 

Another interesting fact- regarding their position is that they are found 
in all regions of the globe, from Iceland and the Aleutian Islands, through 
the tropics to the Antarctic continent, though they are more numerous in 
the torrid than in any other zone. They seem to follow certain lines, ,as will 
be seen on reference to the map. Over 200 of the active volcanoes, too, are 
found on the coast-lands or islands of the Indian and of the Pacific Oceans. 
On the east side of the Pacific we can trace a line of volcanoes through 
the loft^fc chain of the Andes, then through Central America and along the 
west coast of North America. The volcano of Jorullo, on the coast of the 




Elementary Physiography. 


184 


Mexican table-land, is noteworthy from the fact that it was entirely built 
up to a height of over 1300 feet in a single eruption in 1759. Tins line 
then crosses over from North America by the Aleutian Isles to Kamtscliatka 
on the western side In Kamtschatka there are 12 active volcanoes, in 
the Kurile Islands 10, and in the Japanese islands over 20. From Japan 
the line of volcanoes passes through Formosa and the Philippine Islands to 
the Malay Archipelago. In this great group of islands volcanic activity 
seems at its height. In Java there are about 40 volcanoes, and in Luzon 
and the Pliilippines 21. In the Malay Archipelago Jhe volcanic line 
bifurcates. One branch goes westward through Java and Sumatra, along 
the eastern side of the Bay of Bengal ; another branch turns to the soutlr- 
east through Celebes, New Guinea, the Solomon Islands, and the New 
Hebrides. A continuation of this line passes into New Zealand, and to 
Mount Erebus and Mount Terror in the Antarctic continent. Anotlier 
great vojcanic line may be traced down the eastern side of the Atlantic, 
from Jan Mayen and Iceland through the extinct volcanoes of tire Faroe 
Islands and those of the west of Scotland to the Azores, Canaries, Cape 
Verde, and other volcanic islands lying off the coast of Africa. This line 
appears to be cormected with a great submarine ridge that runs down the 
middle of the Atlantic. One branch from this passes into the West Indies, 
where there are six active volcanoes, while another branch passes into the 
Mediterranean. Vesuvius is the only active volcano on the mainland of 
Europe, but on the islands of the Mediteiranean there are four or five — viz. 
Stromboli and Vulcano in the Lipari Islands, Etna in Sicily, Santorin and 
Nisyros in the Grecian Archipelago; It is believed that this linear arrange- 
ment of volcanoes is ovdng to the fact that they occur on lines of fissures 
in the eartli^s , crust. The great volcanic bands just described run very 
near to tiie lines of great mountain chains, and probably owe their positions 
to the great lines of fissures on the globe. Even in a smaller group, as on 
the island of Vulcano, the craters often show this linear arrangement, 
although there are some cases where the vents do not follow the line of 
fracture in the earth’s crust; 

155. Solfataras, Mud Volcanoes, etc. — After the energy of a volcano has 
declined, it sometimes passes into what is called the Solfaiara stage. A 
solfatara consists of cracks or fissures from which various kinds of vapours 
are sent forth. These vapours contain sulphur, chloride of sodium, alkaline 
sulphates and other substances, and these are often deposited on the lips 
and sides of the orifices. The smoking cracks in Tuscany are known as 
s^tiffiojii^ and the issuing vapours contain boracic acid. Fumaroks are 
fissures, often oa the surface of a lava-flow, from which steam and other 
gases are ejected. Mud volcanoes or Salses are vents from which mud and 
water are ejected. The mud usually forms in a conical moimcl aroimd the 
oilfice, but this seldom rises above twenty or thirty feet. There are groups 
of mud volcanoes in Trinidad and in the neighbourhood of the Caucasus 
Mountains, the discharge from which contain naphtha and petroleum, 

156. Earthquakes. — Earthquakes are vibrations, or forw^ard 
and backward motions of the ground, caused by a wave of 
elastic compression passing through the crust of the earth. 
That the movement is of the nature of a wave is evident from 
the fact that it is not felt at the same time and with the same 
force over the whole of the district affected. It appears to 
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start from a centre and spread out with diminishing intensity 
in all directions, and consists of several successive movements 
ending very gradually. Further, trees, steeples, and other tall 
objects have been noticed to sway backwards and forwards like 
the mast or funnel of a ship rocking on the sea. Besides this 
wave-like motion there is usually a vertical uplifting movement, 
and rumbling noises are heard both from the ground and in 
the atmosphere. The study of earthquakes is called Seismo- 
logy (Gr. seism os, an earthquake ; and logos, a discourse), and 
the instruments used in the study are known as seismographs 
and seismometers. 

157. Number and Dietribation of Bartliq.Tiak0B. — Earthquakes are of 
much more frequent occuiTence than is usually supposed. Probably one 
occurs at least every week in some part of the world, but most of them are 
only slight shocks. The most violent earthquakes take place in volcanic 
regions, though some districts that suffer from these movements are free 
from volcanoes (see map). Still, it is certain that the two phenomena are 
connected, for the most violent earthquakes occur in the neighbourhood of 
volcanoes, and earthquake shocks often precede and accompany volcanic 
activity. It has also been noticed that a series of earthquakes in one dis- 
trict has stopped on theT)utbreak of a volcano in an adjoining district. The 
great earthquake region of the Old World is a district stretching from the 
Azores, along the northern shores and the islands of the Mediterranean, 
through Asia Minor to the Thian Shan Mountains. In the New World 
the western shores of South America are frequeutly visited by intense 
shocks. Among the Andes of Chili a shock of some kind is said to occm: 
every few days. The Japanese islands are also frequently visited by earth- 
quakes, and special attention is given to these phenomena at the Imperial 
College at Tokio. The earthquakes occurring in Britain are always slight. 
Nearly one-third of those known have taken place in the coimty of Perth. 
On April 22, 1884, an earthquake occurred in the neighbourhood of 
Colchester, which damaged some of the buildings. 

158. Canses of Earthquakes. — It is not easy to assign the causes of 
earthquake action. Some of the slight tremors have been connected with 

variations of atmo- 
spheric pressure and 
with the attraction of 
the sun and moon, 
but it is plain that the 
more violent shocks 
arise from causes in 
the interior of the 
earth. Some of them 
maybe consequences 
of the contraction of 
the earth’s crust on 
cooling, by which 
great thicknesses of strata ore broken and displaced ; others misy arise from 
the sudden generation and expansion of steam ; while others may be the 
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result of the falling in of immense cavities in the earth’s crust. By 
observing the position of the place where the shock is vertical, and by 
ascertaining the angle at which the earth-wave reached the surface at other 
places, it has been found possible to determine the position of the place in 
the earth’s crust where the shock originated . It is interesting to know that 
the depth of the point of origin is believed to be in all cases less than thirty 
miles. 

159. Effects of Earthquakes. — We are very prone to imagine that 
earthquakes are among the mightiest forces affecting the surface of our earth. 
This is a mistake, for, although they often produce great destruction of life 
and great devastation among buildings, their permanent effects are often veiy 
slight. Yet at times large masses of rock and earth are displaced, changes 
of level are produced, and fissures formed in the surface of the ground. The 
coasts of Cluli and New Zealand have several times been raised by earth- 
quakes. At Cutch, on the delta of the Indus, an earthquake in 1819 
produced a depression in one part and an elevation in another. The 
greatest effect is produced when the origin of the shock is beneath the bed 
of the sea. The earth -wave produced in the solid land causes huge sea- 
waves to form, and the distance to which tliese sea-waves extend is often 
very great. The sea-wave of the Iquique earthquake in 1877 was felt in 
all parts of tlie Pacific Ocean, from New Zealand in the south to the shores 
of Japan in the nor Ur. Much of tlie destruction produced at the great 
Lisbon earthquake in 1755 was owing to great sea-waves thirty to sixty feet 
high coming into the Tagus about an hour after the buildings of the tovm 
had been overthrown by the -shaking of the ground. This earthquake was 
felt over the greater part of Europe, and even in North Africa. At first 
the Water of the sea is usually seen to withdraw a considerable distance, and 
then a mighty inrush of large waves follows. The inhabitants of the 
western coast of South America know so well what this drawing back of the 
water means, that they take it as a warning, and often save their lives by 
escaping to the hills. In 1724 Lima was destroyed by an earthquake, and 
on the evening of the same day a mighty sea-wave eighty feet in height 
came over Callao. In August, 1878, a great part of Peru and Ecuador was 
devastated by an earthquake, and a* great sea-wave overwhelmed Arica, 
every vessel in the harbour being either wrecked or carried far inland. 
The rate at which the great sea-waves caused by earthquakes travel has 
been used as a means of calculating the average depth of the ocean in 
which they occur. 

160. Slow Movements of Elevation and Subsidence. — 
Besides the sudden changes of level produced by volcanic 
eruptions and earthquakes, there is a certain slow and quiet 
rise or sinking of the land over certain areas of the globe 
which takes place quite gradually and imperceptibly. These 
slow changes sometimes occur in volcanic districts, but they 
are also found in parts of the world where no volcanic or 
earthquake activity is known to have occurred. 

16 1. Signs and Proofs of Elevation, — When land has been raised 
above the %en-level, it generally brings with it some evidence of having 
been once under water. On the south and west shores of the island of 
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Crete or Candia are seen the remains of docks and piers belonging to old 
Greek ports at an elevation of sixteen feet above the present sea level. 
On the Scandinavian peninsula in the Gulf of Bothnia marks were cut on 
the rocks by pilots in 1820, and these showed a rise of about four inches 
on being examined by Sir Charles Lyell in 1834. This shows an upward 
movement at the rate of about two and a half feet a century. But while 
the north of Scandinavia is slowly rising, the southern part is slowly sub- 
siding. The evidence mentioned above refers only to historic times ; but 
the existence of marine shells and raised beaches shows that these- upward 
movements have been going on for vast ages. Parts of Tuscany and Sardinia 
have beds of shells at a height of 200 feet above the sea ; while the 
harbours of Tunis are becoming too shallow for the approach of ships. 



Fig. T38.— S, present sea-level at high tide. i. Present sea-beach. 
2. Old sca-heach. 3. Old sea'^:ave. 


Raised sea-beaches afford very satisfactory evidence of upheaval. On 
every sea-shore where there is a range of rocky clifis a beach of sand and 
shingle is formed by the action of the waves, and caves are often hollowed 
out of the rock. If the land be raised, both the beach and the cliff are lifted 
up beyond the region of the waves, and a new beach is formed at a lower 
level. This may then be raised, and a third beach formed at a still lower 
level. Such a series of raised beaches occurs in several of the Norwegian 
fiords, on some parts of the South American coast, and in other countries. 

Raised beaches are also found on the southern and western shores of 
England and on some parts of the Scottish coasts. In some cases the old 
sea-caves, as on the coast of Kintyxe, form a range of natural rock-hewn 
compartments at a level of ten to thirty feet above the present tidal limits, 
and are perhaps the most convincing of all the various evidences of ancient 
sea action - 

162. Signs fend Proofis of Subsidence.— When land has sunk below the 
sea level the surface disappears from view, and the proofs are not so plain 
os in the case of elevation. But there is the evidence derived from the 
disappearance of human erections, from the existence of submerged forests, 
and according to Mr. Darwin from coral islands. It has been stated that 
the south and west shores of the island of Crete are rising, but the exist- 
ence of remains of old Greek to^vns beneath the surface of tke water on 
the eastern shore shows that this part of the island is sinking. In the 




190 


Elementary Physiography. 


southern part of Sweden the remains of houses, which were built of course 
above high-water level, are now buried beneath the water. The west coast 
of Greenland hirnishes similar evidences of slow sinking. Submerged 
forests are found in some places where the land has slowly settled under 
favourable circumstances. These consist of stumps of trees still upright in 
the soil, often with beds of peaty matter, full of decaying roots, branches, 
and leaves . Such submerged forests are found on the coasts of Devon and 
Cornwall, and a large one exists near Hunstanton on the Norfolk coast. 

It follows from what has now been stated that certain areas on the earth 
have been at one time beneath the sea, that they have then been raised to 
form land, that they have later sunk below the sea again, to finally become 
land once more ; and that each of these states lasted for a considerable time. 
The changes have been due to movements of the land and not to variations 
in the level of the sea, for we cannot find any evidence that water has ever 
reached to some of the heights at which fossil marine shells are now found. 
Moreover, in some of the cases mentioned, changes of level have occurred in 
historic times. There are near Naples the ruins of a Roman bathing 
establishment called the Temple of Serapis. The buildings were certainly 
not built under water, and are not under water now, yet we find that some 
of the tall pillars still standing are perforated with the shells of certain sea 
molluscs, and these shells and holes are found 20 feet above the base of 
some of the pillars. The ground, therefore, must once have sunk below 
sea-level, and must afterwards have been elevated. Moreover, many of the 
strata containing maiine remains are inclined or vertical, and in some cases 
contorted or broken, and such disposition of strata must certainly be due to 
land movements. There is, however, reason to believe that the great 
ocean basins have existed nearly in tlieir present form through many geologic 
ages. 
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THE ATMOSPHERE, 

163. The Atmosphere. — Surrounding the crust of the earth on 
ill sides, and reaching far above the summits of the mountains 
IS well as filling the deepest cavities, there is a vast invisible 
ocean of gas or vapour which we call the air or atmosphere 
'Gr. atmos^ vapour; sphaira^ a sphere). This aeriform fluid 
.s drawn towai’ds the earth and kept from flying off into space 
oy the force of terrestrial gravity, and it thus shares in all the 
novements of rotation and revolution of the solid globe. 
!\nimals and plants are sub-aerial beings, that is, they live 
oeneatli this air- ocean. It is the region in which many won- 
ierful phenomena of nature take place— clouds, fog, rain, 
mow, hail, thunder, lightning, winds, and storms. 

The composition of the atmosphere has been already set 
brth in par. 100, where we learnt that it is a mixture of nitrogen, 
oxygen, carbon dioxide, and very small amounts of other gases. 
There is always present water-vapour, but the amoimt varies 
preatly as will shortly be explained. These gases have different 
ipecific gravities, carbon dioxide being much heavier bulk for 
)ulk than the others mentioned above. Yet, owing- to the 
property of diffusion in gases, in consequence of which the 
nolecules mdve freely and spread widely, there is, complete 
ntermingling of the gases in all regions, this intermingling 
)eing further aided by winds. 

In recent years much attention has been directed to the 
lust or minute particles of solid matter, that are always present 
n the air, being kept suspended by the action of currents. 
These du«t particles can be shown by sending a beam of sun- 
ight or a lantern beam into any darkened space, for the track 
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of the beam is only rendered visible by reflection from these 
particles. Ordinary dry air in the open contains about two 
million dust-particles per cubic foot. They play an important 
part in the condensation of the aqueous vapour of the air, as 
they act as nuclei around which the vapour condenses. Some 
of them are of organic origin, and provide the germs that lead 
to fermentation, mildew, or disease. 

164. The Water-vapour of the Air. — The amount of water- 
vapour present in air varies considerably from day to day, but 
no matter how warm and dry the day is, there is always some 
present. This may be proved in the following ways. Bring 
into a warm room a tumbler full of ice-cold water. The outer 
sm'face, though perfectly dry, soon becomes bedimmed with 
moisture. The reason is tliat the air near the cold glass be- 
comes chilled, and as cold air cannot retain as much vapour 
as warm air, some of the vapour is condensed and deposited 



on the sides of the glass like dew. Another mode 
of proving that air always contains invisible water- 
vapour is to place some strong sulphuric acid in 
a vessel and leave it for a time. This substance 
has the power of absorbing water, and after a 
day or two we shall be able to see that the 




quantity of liquid in the vessel has increased 
owing to the water-vapour absorbed into the 
sulphuric acid from the air. 

As already explained water is constantly 
evaporating into the air, but the amount of 


6 - - -fp - - B irioisture that the air can contain before it is 
saturated depends upon its temperature. Air at 
a certain temperature is said to be saturated 
with moisture when it can hold no more, but 
the actual amount of -water that a cubic foot of 



Fig, 139. 
—Wet-bulb 
hygrometer. 


air will contain varies from about 2 grains per 
cubic foot at freezing-point to 12 grains per cubic 
foot at 80° F. The important question, there- 
fore, about the moisture or humidity of the air 
is not, What is the actual amount ot moisture 


m the air? but, What is the amount of moisture in the air 
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relative to the amount that it could contain at that tempera- 
ture ? We call the air dry ” when it is far from satura- 
tion, so that evaporation goes on freely ; we call the air damp 
when it is near saturation, so that evaporation goes on slowly. 
Dry air in summer may actually contain more moisture than 
damp air on a cold winter day. The relative humidity of 
the air is often expressed as a fraction. Air is said to be 
three-fourths saturated,” for example, when it contains three- 
fourths of the water-vapour that it would hold at that tem- 
perature were saturation complete. 

Hydrometers {Gr. hugros^ moist ; meiron^ a measure) are instruments for 
measunng the degree of moisture or relative humidity of the atmosphere. 
One of the most convenient is Mason’s Dry and Wet Bulb Thermometer. 
Two similar thermometers are placed on a stand side by side, one of them 
raving its bulb covered with muslin that is kept continually moist by its 
^ower end dipping into a reservoir of water. The threads draw up the 
ivater by capillary attraction, and -thus the muslin never becomes dry. 
This moistened muslin is constantly losing its water by evaporation, and 
the dryer the air the greater is the rate of evaporation. But as a liquid 
evaporates heat is absorbed, and this reduces the temperature of the wet 
bulb. The dryer the air the more rapid will be the evaporation and the 
greater the difference of temperature shovrm by the two thermometers. 
Unless tlie air is saturated with moisture, the wet bulb always indicates a 
lower temperature than the dry bulb. From this difference, by means of 
.ables, we can calculate the degree of humidity of the air, the quantity 

vapour in a certain volume of air, and the dciv-point^ or temperature of 
;aturation. In the figure the thermometers are Centigrade thermometers, 
ind the wet bulb indicates a temperature, of 12° C. ( = 53*6 F.), while the 
Iry bulb indicates 17° C. { = 62*0 F.). 

165. Height of Atmosphere. — Since air, like all gases, is 
ighly compressible, it is evident that its densest layers are 
lose to the earth, and that it gets rarer and rarer the higher 

ascend. At a height of about seven miles it is too thin 
3 sustain life; at about 50 miles high it is not dense enough 
D reflect the sun’s rays, for twilight effects cease at that height. 

Yet we have proof that it extends even beyond this, for 
leteors or shooting-stars have been found to be visible at a 
eight of 200 to 300 miles, and this could only be because 
ley had become ignited owing to the friction caused by their 
ipid passage through the air. These meteors are compara- 
vely sniall masses of matter which, passing into our atmo- 
)here, either become heated so intensely as to disappear in 

0 
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a train of blazing gas, or fall on to the earth as aerolites or 
meteorites. Specimens have been picked up, and on examina- 
tion they are found to consist of the same elements as exist 
on our earth, native iron being nearly always the chief 
ingredient. 

1 66. Air possesses Weight. — Since air is matter, and all 
matter on or near the surface of the earth is subject to the 

earth’s attraction, i.e. to gravity, air must have 
Tv^eight in consequence of this downward pull 
to the earth’s centre (par. 14). A flask, there- 
fore, from which air has been removed, must 
weigh less than it does when it* is said to be 
“ empty,” though in reality full of air. A flask 
provided with a screw-tube and stop-cock, fitting 
air-tight through the cork, can have its air 
drawn out by means of an air-pump. If we 
weigh such a flask exhausted of air, and then 
open the stop-cock, air is heard rushing in, 
and the flask increases in weight. Careful ex- 
periments show that at the sea-level a cubic 
foot of air weighs about 1-^ oz., or, using the 
metric system, a litre of air weighs about 

r iti. 140* — r lubic ^ ^ ‘-j o 

exhausted of air. grams. Froui these figures it would be easy to 
calculate the weight of air in a room or other space, having 
the length, breadth, and height supplied. 

167. Pressure of the Atmosphere. — Since air has weight 
it will exert a downward pressure on everything upon which 
it rests. But gravity not only causes downward pressure in 
fluids, but it also causes all fluids to exert pressure in all 
directions. A solid transmits pressure only in the direction 
in which the force is acting, but air, like other fluids, transmits 
pressure downward, sideways at every angle, and vertically 
upwards. We will now make some experiments to illustrate 
the pressure of the atmosphere. 

Experiment 96. — Take a boy’s leather sucker and press the wet under- 
surface closely against a smooth stone or a small piece of marble slab. The 
two now refuse to part, and the stone can be raised. This is because nearly 
all the air having been expelled from below the sucker, the pressure of the 
atmosphere can only act on the upper surface, the close-fitting disc of 
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leather keeping the air from getting to the under surface. This illustrates 
the downward pressure of the atmosphere. But the sucker may also be 




Fig. 141. Fig. 143. 


made to adhere to the window pane or the ceiling in the 
same way, so that the air must press sideways and upwards 
as well as downwards. {Instead of a leather sucker we may 
use an indianibber disc like those used to support objects 
on shop windows.) A pinhole through the sucker will let 
in the atmospheric pressure to the other side, and the two 
will then port. It should be noted that the sucker 
does not really suck or draw the stone, for the adhesion 
of the two surfaces is due to atmospheric pressure. 

Expentneitt 97. — Take a tumbler, fill it with water, 
lay a sheet of paper over the mouth, and, holding the 

paper in position with the hand, invert 

the tumbler. The water remains in 
pz=^r==\ the vessel. What keeps the liquid 
up ? Not the paper, but the upward 
pressure of the atmosphere. The paper 
serves to transmit this pressure jn an 
effective way. On making a hole 
‘ through the paper, the atmospheric 
pressure gets to the other side, counter- 
acts the upward pressure, and the 
liquid then falls by its own weight. 

Repeat the experiment, using less 
than a tumblerful, and tlie water will still remain up as 
long as the pressure of the atmosphere is kept from getting 
to the other side of the paper, for the upward pressure of 
the atmosphere is greater than the downward pressure of 
the water and of the air left in the tumbler. 

Experiment 98. — Take a narrow gloss tube about two 
feet long, and open at both ends. Place it upright with 
one end in a vessel of water and apply the mouth to the 
other end. On drawing air out of the tube the water 
rises, being forced up by the pressure of the atmosphere 
on the surface of the water in the vessel. This atmo- 



spheric pressure on the surface is transmitted through 
the water in all directions as indicated by the arrows in 
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the figure. Hence this experiment illustrates not only the pressure of 
the atmosphere, but the transmission of pressure through a liquid to the 
bottom, the sides, and upwards. If all the air be drawn 
outside the tube by the mouth, the water will rise to the 
top, and it may be dnmk. The experiment explains wliat 
occurs when liquids are “ sucked ” by means of a straw. 

Experinmit 99. — Take a common glass syringe and 
examine its action during the raising of water and when 
squirting it out. The instrument consists of a cylindrical 
tube in which a disc fitted to a rod and called the movable 
piston fits air-tight. The lower end of the tube terminating 
m a conical nozzle, at the end of which is a small hole. 
A careful study of its action will not only further illustrate 
the action of atmospheric pressure, but enable us to under- 
stand the working of a common pump. 

Begin by seeing that the piston moves up and down 
freely when the syringe is held in the air, and notice that 
while the piston is being forced down air can be felt passing 
out. "When, therefore (Fig. 146), the s5Tinge A has had 
its piston pushed to the bottom B, there is only a small 
quantity of air left in the conical part of the syringe B. 
fhit the nozzle into water and then pull the piston up, and 
W'e have the condition represented at C, for the water is 
forced up by the outside pressure of the atmosphere, which 
is much gi-eater tlian the pressure exerted by the small quantity of air that 
remains in the syringe. The water remains in the syringe when it is taken 
out of the vessel, the outside atmospheric pressure keeping it in as at D. 


<0 


A 


Air. 


Fig. 146. — Illustrating the action of a common syringe. 

Now press the piston downwards so that your pressure, plus the small 
pressure of the air included, is greater than the outside atmospheric pressure, 
and the water is then expelled from the syringe as at E, 
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1 68. The Common Suction-pump. — The action of the 
common pump by which water is raised from wells, etc., will 
now present no difficulty. As in the syringe there is a piston 
working in a barrel MN (Fig. 147). There are two lids or 
valves, one in the piston F, and one at the bottom of the 
barrel, both valves opening upwards only. A pipe called the 
suction-tube, N^, leads from the barrel to the well. The mode 
of action is as follows : — 

Push the piston down to the bottom of the barrel. This will tend to 
compress the air below, V will close, and F open to let the air get out 
above the piston-valve. On raising the piston its valve 
falls down, and the air in ND will expand, open the 
valve V, and follow the piston. The pressure of the air 
within the suction-tube being diminished, the external 
atmospheric pressure, HH, will cause the water to rise 
some distance in On causing the piston to descend 

again V again closes, and more of the air in the barrel 
passes upwards through the piston-valve, while on raising 
the piston again the pressure of the air left in the suction- 
tube again lifts the valve V, and more air rises into the 
.barrel- Pressure in the suction- tube being thus again 
diminished, the outside air-pressure forces 3 ie water still 
higher in the suction-tube. The action continues until 
the water reaches V, and if V is less than 30 feet above 
the well, the air-pressure will push the water through V IH f h| 

into the viide barrel. On bringing down the piston then, 'i' I ^ 

it will shut the valve V, w'hile at the same time the water -I 

will be forced throupfh the valve F and get above the 
piston. On next raising the piston F closes, and we shall 
lift up the water that has passed through tlie piston- Fig. 147. 
valve, and this wdll flow out at the side spout of the barrel. 

169. The Barometer. — ^We are now prepared to understand 
the construction and use of a barometer — the instrument used 
for measuring the pressure of the atmosphere. 

Mxpennieiit 100. — Take a glass tube about 33 inches long, closed at 
one end and open at the other, fill this tube quite full wdtli mercury, and, 
closing the open end wdth the thumb, invert it in a cup or cistern of 
mercury so that the open end dips beneath the surface. You will then see 
the mercury in the tube, fall for a short distance, but a column, the top of 
which is about 30 inches in perpendicular height from the surface of the 
mercury in the cistern, remains in the tube. An Italian philosopher called 
Torricelli was the first to make and reason upon this experiment in 1643. 
He argued quite correctly that the column of mercury was supported in the 
tube by the external pressure of the atmosphere on the surface of the 
mercury in the basin, this pressure being transmitted through the mercury 
in the basin to the under surface of the mercury in the tube. But the tube 
being closed above, there is no pressure at the top, and the space above the 
mercury in the tube is quite empty, and is known as the Torricdlian vacuum. 
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Were a hole made through the closed end at the top of the tube, the 
upLrd pressure of the air through the liquid :n the tosm would be j^t 
coimterbdanced by the downward pressure of the air at the top , the 
mercurj^ would then fall by its own weight. Since the Pfessme of the 
atmosphere just balances a column of mercury 40 inches high, it follows 
that if we can find the weight of this mercury column we shall learn the 
weight of a column of air standing on a base of the same size and 
reaching to the top of the abnosphere. It is found that a column of 
mercury in a tube having a sectional area of one square inch and a height of 
inches weighs about 15' lbs. Hence, as before stated, the weight or 
pressure of the atmosphere is nearly 15 
fbs. on every square inch. A barometer,, 
then, in its simplest form, consists of a 
tube dipped into a cistern of mercury, 
and containing a column of that liquid 
supported by the atmospheric pressure 
which it serves to measure. 

By the height of the barometer 
is meant the perpendicular dis- 
tance between the two surfaces 





Pig. 148.— Filling the baitimettr-tube. 



the mercury. 


of mercury, that in the tube and that in the cistern. If the 
barometer tube be inclined, the mercury will rise higher in 
the tube, but the perpendicular distance between the two 
surfaces muU not be altered. 

It will be useful for the student to remember thafe^ we often 
call a pressure of 15 lbs. per square inch a pressure of one 
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atmosphere, or a pressure of 30 inches of mercury. A pressure 
of two atmospheres would therefore mean a pressure of 30 lbs. 
per square inch, or a pressure of 60 inches of mercury. 

170. Different Forms of Barometer.^The simplest form 
of mercurial barometer is the Cistern Barometer, illustrated in 
Big. 148, with the addition of a scale of inches ar^d parts of an 
inch placed beside the glass tube. If this scale be laid off 
from a zero point at some fixed line on the wall of the cistern, 
a difficulty arises, since during changes in the length of the 


mercury column in the tube, changes of 
level occur in the cistern also. To over- 
come this difficulty, we may (i) disregard 
any zero point and find the height of the 
mercury column by finding the difference 
between the level of the mercury in the 
cistern and in the tube ; (2) graduate a 
scale, as in the Kew barometers, which will 
allow for the change of level in the cistern ; 
(3) arrange, as in the Fortin barometer, a 
cistern with a pliable base of leather that 
can be raised or lowered by means of a 
screw, to a fixed zero point, f?, in the 
cistern (Fig. [50). The graduation on the 
scale always expresses the true height above 
the zero point. The upper part of the cistern 
in a Fortin’s barometer is made of glass, 
and the zero point is the top of a fixed 
piece of ivory, that hangs down into the 
cistern. Before reading the instrument the 
upper surface of the mercury in the cistern 
is made to correspond exactly with the point 
of this ivory. The whole instrument may 
then be enclosed in a case. 



Fig. iso. — Diagram 
showing a Fortin's 
barometer. 


In the Siphon Barometer there is no cistern, but a U-shaped tube with 
one arm much longer than the other, the longer arm being closed at the top. 
The short expanded open arm serves as the cistern, and the reading of this 
barometer is the difference of level of the mercury in the two arms. In 
Fig. i5i,<for example, a height of 29 inches is indicated. Fractions of an 
inch (tenths) are usually indicated on a scale. 
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The ordinary wheel barometer is a modification of the siphon barometer. 
A small weight floats on the surface of the mercury in the short open limb, 
and this weight is connected, by a string passing over a 
wheel or pulley, with a rather leas weight. ^ When the 
“T- mercury rises or falls in the barometer the weight rises or 

3 falls, and in so doing turns the pulley wheel. To the axis 

of the pulley wheel an index is attached, and this moves 
a dial-plate, on which figures and descriptions are 
written indicating the height of 
^ the mercury and the kind of 

weather to be expected. 

In the Aneroid Barometer 
(Gr. a, not ; neros^ moist) the 
pressure of the atmosphere is 
measured without using mercury 
or any other liquid. This con- 
sists of a cylindrical metal box 
exhausted of air. The fiat top 
and bottom of the box are corru- 
gated in concentric rings, and 
supported by a pillar in the 
centre attached to a spring above. 
Increases of atmospheric pressure 
pulls the spring down; diminu- 
tion of pressure raises it. The 
movements of the spring are in- 
tensified by a lever, and carried 
by a rack and pinion to an index 
finger that moves over a dial- 
plate. Variations of atmospheric 
pressure are thus recorded, and, 
by the help of a mercurial baro- 
meter, the dial-plate is graduated 
Fig. IS3. to indicate the pressure in inches 
and fractions of an inch. 

17 1. Advantages of Mercury for Barometers. — Mercury 
•is generally used for barometers in preference to other liquids 
because it is the heaviest of all liquids, and the height of the 
column is therefore small and more easily observed. It is 
also used because it does not wet the glass, and because it 
does not evaporate from the cistern. If water were used, the 
water barometer would be nearly 34 feet high when the 
mercurial column stood at 30 inches ; for the specific gravity 
of mercury is 13*5, that of water being i; and 30 inches 
multiplied by 13*5 is nearly 34 feet. Glycerine^ however, is 
sometimes used. The length of its column is rather more 
•than ten times that of mercury, and hence small altera- 
tions of atmospheric pressure cause larger and more distinct 




Boyle's Law. 201 

hanges in the level of the tube than in the mercurial 
arometer. 

172, Boyle’s Law. — ^Boyle’s law states the relation between 
le volume and the pressure of a gas, and this relation is of 
reat importance. It has already been stated that air and 
ther gases are highly compressible fluids, and that when we 
ompress a gas into a smaller space we increase its expansive 
)rce, i.e. its elasticity ; now if a cylindrical vessel full of air 
r other gas at the ordinary pressure of the atmosphere be 
tted with a piston we can, by pressure, 

)rce the particles of gas into less room. 

!alling the original atmospheric pressure 
, . we can, by doubling this pressure, 
jueeze the air into half its original volume. 

1 so doing we have doubled the density 
" the gas,* and also doubled the internal 
cpansive force or elasticity of the gas, 
ir the impiisoned gas has now sufficient 
asticity to balance two atmospheres, 2 P. 

further increase of external pressure 
ves a further increase of density, and 
hen the pressure has been increased three 
nes- (to 3 P) we find that the volume has 
ien reduced to one-third while the density 
LS been trebled. Boyle’s Law therefore 
ites — 

TJie volume of a gas varies {or changes) 
versely as the pressure when the temper aU^re 
mains constant. 

Hence when we dotMe the pressure on 
gas, we reduce its volume to one-half ; when we treble the 
essure, we reduce the volume to one-third ; and so on. 

Since air and other gases become warmer when compressed, 
is important that the gas should be kept at the same tempe- 
:ure during experiments on the relation between pressure 
d volume. 

It fojlows, from the above statement of Boyle’s Law, 
It— 



Fig. 153. — Illuslration of 
the relation between 
pressure^ volume, and 
density m gases. 
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The density of a gas varies directly as the pressure to which 
it is subjected. 

Hence if we double the pressure, we also double the density, 
and if we treble the pressure, we treble the density \ 
and so on. Increase of density is proportional to 
increase of pressure, and decrease of density to 
decrease of pressure. As the pressure of the atmo- 
sphere at any point is due to the overlying air, it 
is evident that its pressure must diminish as we 
ascend above the earth’s surface, and with this 
decrease of pressure there will be 
a decrease of density at the same 
rate. 
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Experhnefit loi. — To verify Boyle’s 
Law, obtain a glass tube of uniform bore 
bent into the form of a IT, but with one 
arm much longer than the other. The 
short arm being closed at the top, and 
the long arm open, first pour in a little 
mercury at the open end so as to fill the 
bend. By inclining the tube the mercury 
can be got to tbe same level in both 
limbs. We have then some air imprisoned i 
in the shorter limb, and it is at the pres- * 
sure of the atmosphere, since the level in 
the two limbs is the same — the atmo- 
I spheric pressure being transmitted down 
the long open limb. Now pour more 
mercury into the long branch, giving it 
time to recover its temperature, and it 
will be noted that the endoseci air di- 
minishes in volume owing to the increase 
of pressure produced. The increase of 
pressure is measured by the difterence of 
level of the tv^o mercury columns ; the 
. diminution of volume is measured by the 
decrease in the length of enclosed air, as 
the tube is uniform in bore. When the 
volume of enclosed air has been reduced 
Fic. rs4* Fig. 155. to one-half, it will be found that the 
Figa. 154, 155 illus- increase of pressure is about 30 inches of 
traLe the mode in mercury, as this will be the difference in 
which Boyle's law level of the two columns of mercury. 

^his is equal to an additional pressure 
tlian one atmo- of One atmosphere, i,e. two atmospheres 
sphere- of pressure altogether. (If the barometer 

stand at 29 inches, 29 inches will repre- 
sent another atmospheric pressure.) Wffen the volume has been reduced to 
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Fig. 156. 
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one-third, the difference of level will be about 60 inches, and the total 
pressure three atmospheres. 

In Fig, 156, a scale of centimetres is placed beside the 
tube. The mercury in the shorter tube is at a height of 20 cm. 
and in the longer tube at a height of 170 cm., so that the 
difference is 150 cm. Taking the atmospheric pressure at the 
time as 75 cm., the total pressure on the enclosed air is S2o 
cms.j or three atmospheres, and the gas therefore has been 
reduced to one-third its original volume. 

We again arrive at the result — TJie vohme of a gas is inversely 
proportional to the pressure upon it. The law is true, not only 
for pressures greater than the atmosphere, but for pressures less 
than the atmosphere. If we diminish the pressure the volume 
increases in the same proportion, just as when we increase the 
pressure the volume diminishes in the same proportion. 

173. Density and Pressure of the Atmosphere at Different 
Heights. — The pressure of the air decreases gradually as we 
ascend above the sea level. That this is so will be plain when 
we consider that as we ascend the superincumbent mass 
diminishes; the higher we go the thinner becomes the layer 
of air above us. But, in consequence of the law that the 
volume of a gas is inversely proportional to the pressure to 
which it is subject, the density of the aii* diminishes as well as 
the pressure. If we imagine the atmosphere divided into 
layers, the more compact layers will be at the bottom, just as 
in a stack of hay. On the summit of Mont Blanc, 15,000 feet 
high, the barometer only indicates about 15 inches pressure, 
and hence the air there is only one-half as dense as it is at the 
level of the sea, its particles being at twice the distance. In 
other words, a given weight of air will occupy twice the volume 
that the same weight occupies at the sea level. Hence at 
great heights animal life cannot be supported. As the 
barometer falls the higher we ascend, it is plain that if we 
knew the law by which this fall takes place, we could ascertain 
the height of a mountain by means of the instrument. The 
law is rather complicated, but for small elevations a fall of 
I inch in the barometer indicates a height of 900' feet.- A 
•better, but stiH only an approximate rule is, “ Observe tlie 
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heights of the barometer at 
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. Fig. 1S7* — Section of atmosphere, 
the svimmit of CMmborazOj 20^500 


bottom and at the top of the 
mountain; divide the differ- 
ence of the heights by the 
sum, and multiply the result 
by 52,428: this will be the 
height of the mountain in 
feet.” The use of the baro- 
meter to measure heights is 
often of great advantage to 
travellers.^ 

The diagram represents a 
natural section of the atmo- 
sphere, On the left is shown 
the height in miles above the 
sea level, while on the right 
is shown the corresponding 
heights of the barometer in 
inches. A indicates the 
highest peak in the Himalaya 
Mountains (29,000 feet) ; B, 
the height (23,019 feet) at- 
tained by Gay Lussac in a 
balloon in 1804 (Mr. Glaisher 
and Mr. Coxwell reached a 
height of 37,000 feet, or 7*137 
miles, in 1862) ; C, Dolcoath 
mine, in Cornwall, 1560 feet 
(the deepest mine is now 2800 
feet) ; D, a depth of nearly 9 
miles. But no such depth 
has really been foimd, the 
deepest reliable sounding 
being up to the present only 
28,000 feet, or nearly 5J 
miles, off the coast of Japan. 

’ Mr, Whymper’s barometer 
gave a reading of 14* inches on 
t high. 
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174. Variations of Barometrio Pressnre.— Not only does the pressure 
of the atmosphere vary at different heights, but it varies at the same level 
at different places on the eardr, and also at the same place at different 
times. The two chief causes of this variation are — {i) the varying tempe- 
rature of the air ; (2) the varying quantity of aqueous vapour in the air. 
It is a general rule that the barometer usually falls when the thermometer 
rises, nnd the barometer usually rises when the thermometer falls. ITie 
heat that causes the thermometer to rise expands the air, which consequently 
overflows into the neighbouring regions ; and the pressure of the atmo- 
sphere being thus diminished, the barometer falls. On the other hand, 
when the thermometer falls, owing to a diminution, -of temperature, the air 
contracts, and this produces an influx from the neighbourmg regions, and 
consec^uently an increase of pressure and a rise of the barometer. This influx 
of air IS generally accompanied by descending currents, while an expansion 
of the air causes ascending currents. Thus where there are descending 
currents in the atmosphere the pressure will increase, and where there 
are ascending currents in the atmosphere the pressure will decrease. 
Remembering that, generally speaking, the heating powder of the sun’s rays 
is greatest at the equator and decreases towards the poles, we may expect 
that the heated air near the equator expands, rises, and overflows, and that 
therefore the pressure will be less at the equator than in higher latitudes. 
But, owing to the spherical form of the earth, the air flowing towards the 
poles moves into a region becoming narrower and narrower, and is at last 
brought down to the surface of the earth at about the 30th parallel of lati- 
tude. Here we find a region of high pressure on both sides of the equator. 
The air is chiefly heated, os we shall presently show, by contact witli the 
surface of the globe ; and as the heating effects of the sun’s rays on land 
and water are very different, variations of temperature, and therefore of 
pressure, in a distnct depend to some extent on whether the surface is land 
or water. The other chief cause of differences in barometric pressure is 
due to the varying quantity of water vapour in. different places, and even 
in the same places from day to day.^ Water vapour is much lighter than 
air, and the addition of a considerable quantity of vapour lessens the pres- 
sure of the atmosphere, and causes the barometer to fall, the mixture of air 
and vapour being lighter than dry air. In regions like the Antarctic Circle, 
where there is a large quantity of vapour, the barometer stands low ; but 
in almost every region the quantity is nearly always changing, sometimes 
increasing from great evaporation, sometimes diminishing from being con- 
densed into rain, hail, or snow. A fuller account of the regions of high 
and low pressure is contained in the “ Advanced Physiography.” 

175. Mr. R. H. Scott gives the following statements from 
Professor Mohn’s “ Treatise on Meteorology ” : — 

The barometer stands high — 

(i) When the air is very cold, for then the lower strata are 
denser and more contracted than when it is warm. 

' Between the tropics the diurnal variation amounts to one-tenth of an 
inch, there being two highest and lowest points at regular periods of the 
day. In «he temperate zones the diurnal variation is less, and not easily 
observed owing to its occurrence in conjunction with accidental variations. 
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(2) When the air is dry, for then it is denser than when it 
is moist. 

(3) "When in any way an upper current sets in towards 
a given area, for this compresses the strata underneath. 

Conversely, the barometer stands low — 

(1) When the lower strata are heated, causing the surfaces 
of equal pressure to rise and the upper layers to slide off, as 
already described, for by this means the mass of air pressing 
on each unit of area below is reduced. 

(2) When the air is damp, for as the density of aqueous 
vapour at the temperature of 60° and pressure of 30 in, = 0*622, 
air being = i, the mixture is lighter the more vapour it con- 
tains, and consequently damp air does not press so heavily as 
dry on the unit of area below. 

(3) "When the air from any cause has an upward movement, 
for this of course acts in the same manner as (i), 

176. Isobars (Gr. tsos, equal; baros, weight), — Isobars are 
lines drawn through places having an equal barometric pressure 
during a certain period. They may be drawn for each month 
or season, or for the whole year. These isobars are usually 
drawn at differences of of an inch. In the Times newspaper 
there is each day a chart of North-western Europe, on which 
the isobars, the temperature, and the direction and force of the 
wind are shown for the previous day. On the accompanying 
map are drawn isobars through those places having the same 
average pressure during the month of July. If we were to 
compare it with one for January we should easily see how the 
pressure is affected in some districts by the season of the year 
(being usually less in summer than in winter), and how the land 
and water cause local differences of pressure. 

Thus in January we find a pressure of nearly one inch more 
in Central Asia than we do during the great heat of July, while 
over the oceans generally, except in the higher northern lati- 
tudes, the pressure is more regular during the. year than over 
the land. Taking the surface of the globe as a whole, we find 
that there are two belts of high pressure passing round the 
globe, one on each side of the equator. Between these tw^o 
lies a belt of low pressure in the tropical regions, the lowest 
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mean pressure of this belt being near the equator. Two other 
regions of low pressure surround the poles, the one round the 
north pole being divided into two centres. 


177. Relation of Barometrio Variations to the State of ihe Weather. — 
In Ganot’s “Treatise on Physics,” as edited by Professor Atkinson, the 
following remarks are made under tliis head : — ' 

“ It has been observed that, in our climate, the barometer in fine 
weather is generally above 30 inches, and is below this point when there 
is rain, snow, wind, or storm ; and also that for any given number of days 
at wliich the barometer stands at 30 inches there are as many fine as rainy 
days. From this coincidence between the height of the barometer and the 
state of -the weather the fullowing indications have been marked on the 
barometer, counting by thirds of an inch above and below 30 inches : — 


Height 

31 

3o§ 

30J 

30 

29! 

29J 

29 


State of the Weather 
Very dry 
Settled weather 
Fine weather 
Variable 
Rain or wind 
Much rain 
Storm 


“ In using the barometer as an indicator of the state of the weather we 
must not forget that it really only serves to measure the weight of the 
atmosphere, and that it only lises or falls as the weight increases or 
diminishes ; and although a change of weather frequently coincides with a 
change in the pressure, they are not necessanly connected. This coinci- 
dence arises from meteorological conditions peculiar to our climate, and 
does not occur everywhere. That a fall in the barometer usually precedes 
rain in our latitudes is caused by the position of Europe. The prevailing 
winds here are the south-west and north-east. The former, coming to us 
from the equatorial regions, are warmer and lighter. They often, there- 
fore, blow for hours or even days in the higher regions of the atmosphere 
before manifesting themselves on the surface of the earth. The air is 
therefore lighter, and the pressure lower. Hence a fall of the barometer 
is a probable indication of the south-west winds which gradually extend 
downwards, and reacliing us after having traversed large* tracts of water, 
are charged with moisture and bring us rain. 

The north-east -wind blows simultaneously above and below, but the 
hindrances to the motion of the current on the earth by hills, forests, and 
houses cause the upward current to be somewhat in advance of the lower 
ones, though not so much so as the south-west wind. The air is therefore 
somewhat heavier even before we perceive the north-east, and a rise of the 
barometer affords a forecast of the occurrence of this wind, which, as it 
reaches us after having passed over the immense dry tracts of land in 
Central and Northern Exirope, is mostly dry and fine. When the barometer 
rises or sinks slowly, that is, for two or three days, towards fine weather or 
towards rain, it .has been found from a great number of observations that 
the indications are then extremely probable. Sudden variations in either 
directions indicate bad weather or wind.” 

178. Correctloiifl of the Barometer. — In making accurate observations 
corrections have to be applied to the barometer — (i) for the height of the 
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observing station above the sea-level ; (2) for temperature. In order to 
compare barometric indications taken at different places, it is necessary 
to reduce them to a common height, and the sea-level is taken as the 
standard height. The higher the place is above the sea-level the lower 
will be the reading of the barometer. The rule applicable to the estima- 
tion of heights already referred to is made use of for this purpose. The 
correction for temperature is necessary because the mercury expands and 
contracts for differences of temperature, and hence different atmospheric 
pressures might indicate the same height if the temperature varied. Hence 
barometers usually have a thermometer attached in order to show the 
temperature at the time of observation. The rule often given is, “ Deduct 
the ten- thousandth part of the observed height for each degree of .Fahrenheit 
above 32°.” All observations are thus reduced to a common temperature. 

179. Temperature of the Air . — How the Air is heated , — 
We have already explained in par. 52 how the temperature of 
the air is ascertained by means of the thermometer, and we 
have now to explain how the air is heated and in what way its 



Fig. 158. 


temperature varies. The earth receives nearly the whole of its 
yearly supply of heat from the rays of the sun, the supply that 
comes from the interior being inappreciable at the surface. 
Dr. Haughton says, “ The heat received from the interior of 
the earth at present is sufficient to melt a layer of ice one 
quarter of an inch in thickness all over the surface of the globe \ 
while that jeceived from the sun would melt a layer 46 feet 
in thickness, being thus 2208 times greater than the heat 
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derived from the interior.” If there were not water-vapour in 
the atmosphere the rays of heat from the sun would pass 
through it without suffering loss, and a great portion of what 
reached the earth would then be absorbed by the rocks and 
soil covering its surface. But, as the air always contains more 
or less aqueous ‘vapour, there is a certain quantity of the sun’s 
rays absorbed by the atmosphere, and the greater the distance 
of air through which the sun’s rays pass, and the richer the 
strata of air are in this water- vapour, the greater is the number 
of the sun’s rays that are absorbed. As the rays of the sun 
pass through a much larger thickness of air in the morning and 
at night than during the middle of the day, the amount of heat 
that reaches the earth is made less at these times than at noon. 
Hence the greater warmth of the sun’s rays at midday. It has 
been estimated that in this way a vertical beam loses about 
20 per cent, of its heating power, and that in the morning or 
evening the loss is nearly 95 per cent. The average loss in 
our latitudes is nearly 50 per cent. 

There is also another reason why it is warmer at noon than 
in the morning or evening. If we imagine a cylindrical beam 
of rays of a certain size striking the earth, we shall easily see 
that when these rays come perpendicularly they fall on a much 
less surface than when they fall obliquely (Fig. 158). The 
heating power of such a beam is concentrated on a smaller area 
the more nearly vertical the beam is. For similar reasons it is 
warmer near the equator tlian near the poles. Fig. 158 repre- 
sents the earth, the axis being in the position with regard to 
the sun that it has on March 21 and September 23. The sun 
is supposed to be at an immense distance to the right, and his 
rays are represented as coming in parallel lines towards the 
earth. The half meridian circle is divided into 18 equal parts 
of 10° each, 9 parts being included between A and P. It is 
easy to see that the rays strike the earth more obliquely as they 
approach the pole. If we suppose each pair of lines to repre- 
sent a bundle of rays, we see that each of these bundles 
becomes narrower towards the poles, and that, therefore, each 
of the equal strips of 10° gets a smaller quantity 0/ light and 
heat as we leave the equator. The outer circle represents the 
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atmosphere, and here also we see how the distance of the ray 
through the atmosphere increases as we approach the poles. 
For lA is shorter than 2D, still shorter than 3E, and still 
shorter again than 4P. 

Of those rays that reach the surface we find that some are 
reflected or thrown back, but that they are mostly absorbed by 
the ground and then slowly radiated back. Both the rays that 
are reflected and those that are absorbed heat the air ; for these 
rays are rays of dark heat, unlike the sun’s luminous rays, and 
can be absorbed in great part by the overlying atmosphere. 
As is now well known, the presence of water-vapour in 
the atmosphere greatly checks radiation from the earth, the 
moisture acting as a screen or covering spread over the earth, 
allowing the luminous rays from an intensely heated source like 
the sun to pass through rather freely, but restraining the non- 
luminous rays from a source of lower temperature like the 
heated earth. Gradually, however, the warmth passes from 
the lower into the upper atmospheric strata, and is then lost by 
radiation into the intensely cold regions of space, the loss being 
about equal to what is received. 

180. Mean Temperatures . — The average temperature of the day may 
be found by taking the temperature every hour and dividing by twenty- 
four, though it is generally sufficient to take only two observations, one at 
9 A.M. and one at 9 P.M., and divide by two. The average temperature 
for any month may be obtained by dividing the sum of the daily averages 
by the number of days in the month, and the yearly average by dividing 
the sum of the monthly average by tw^elve. The hottest part of a clear 
day, as shown by the ^ade thennometer, is usually about two o’clock in 
the afternoon, and the coldest part is in the early morning about four 
o’clock. The hottest period of the year in the Northern Hemisphere is 
towards the end of July, for during the summer the heat has been accumu- 
lating owing to the amount of heat received from the sun being then greater 
than that lost by radiation. 

18 1. The Temperature depejids on Latitude . — From what has just been 
said, and from the fact that the solar rays are nearly vertical at and near 
the equator, we see that the equatorial belt of the globe will have the 
highest temperature, and that, generally speaking, the further we go from 
the equator the colder will it become, the angle at which the solar rays 
strike the earth diminishing as we pass towards the poles (Fig. 158). If, 
then, there were no other cause, we shoidd have a regular diminution of 
temperature from the equator to the poles, and every place in the same 
latitude would have the same temperature. But we know that this is not 
the case, even at the same height above the sea-leveL When we examine 
a chart of Ae world on which isotherms (Gr. isos, equal ; thermos, heat) 
are drawn through places having the same temperature of the air during a 
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given period, we see that these lines are very irregular and vary considerably 
at different seasons, especially over continental areas. On referring to tlie 
maps on which the isothermal lines are drawn for January and July, it will 
be seen how very irregular these lines are in the Northern Hemisphere, and 
how comparatively regular they are m the Southern Hemisphere, where 
there is a great preponderance of water. These lines thus show that tem- 
perature depends more on latitude in the great oceanic areas of the globe 
than in the continental areas, or in the regions w'here the sea and land 
come together. As a nile, the Northern Hemisphere is seen to be wanner 
on the average than the Southern, except in high latitudes, ‘ where the con- 
verse is true, the land also being generally warmer than the sea in low 
latitudes, but colder in higher latitudes. They also show that the district 
of greatest heat, especially in summer, is the interior of continents, the 
deserts of Africa and Persia having a July temperature of 90°. The tem- 
perature of the sandy pvund in these parts is often above i6o° T. There 
must, therefore, be some other causes modifying the effect of position as 
regards the equator- Among these are the prevailing winds, proximity to 
the sea, position of mountain chains, and the altitude of the land. We 
shall now discuss this lost, leaving others till we speak of Climate. 

182. Temperature depefids on Height above the Sea-Level. — Since the 
first effect of the sun’s heat after it has warmed the surface of the earth is 
to warm the parts of the atmosphere in contact with the surface, and since 
this warmth is but slowly passed on through the higher layers, we find that 
the air near the surface is warmer than the air above. But there are other 
reasons why the air is colder at a distance from the surface. 

It is quite true that on high mountains the intensity of the solar radia- 
tion is greater than in the valleys, and that therefore the traveller who is 
there exposed to the direct rays of the sun may have his skin blistered by 
the great heat, though another in the shade may feel great cold- But this 
heat is not communicated to the air ; for the air becomes rarer the higher 
we ascend, and also holds less moisture. Consequently it is but little 
heated either by the luminous rays of the sun or by the rays radiated from 
the rocks. There is thus no protective water-vapour in the atmosphere 
to check the rapid radiation into space when the sun is not shining, and 
there is thus no store of heat retained in the soil as at low levels. 

Another property of air also tends to diminish the temperature at great 
heights. When a mass of air expands, heat is used up to perform this 
work and the air becomes cooler. Warm winds, therefore, from a valley, 
when forced up the sides of a mountain, expand in consequence of the 
diminished pressure at the greater height, a?id in expansion become greatly 
cooled. This diminution of temprature in ascending currents is greater 
with a dry wind than with a moist wind, as, in the latter case, while heat 
is lost through expansion, some is gained by the vapour that condenses 
giving up its latent heat^ so that this latent heat lessens the rate of cooling. 
The diminution, too, is greater during the day than during the night \ 
greater in summer than in winter. In severe frosts, indeed, the tempera- 
ture may rise with height, instead of falling, all the cold dense air remaining 
in the lowlands beneath. We thus see that the lower temperature of the 
air at greater heights is due to two chief causes, the diminishing thinness 
and dryness of the protective coating of the atmosphere and the disappear- 
ance of heat consequent on the expansion of tlie ascending air-currents. 


^ High latitudes are latitudes near the poles ; and low la^tudes, lati 
tudes near the equator. 
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This ve^'iical distributim of tentperaiure^ as it is called, to distinguish it 
from the horizontal distribution, shown by the isothermal lines, which show 
the temperatures at the surface, may be reduced to a general rule. The 
rate of diminution may be taken on the average at a fall of 1° F. for every 
300 feet of ascent. 

183. Land and Sea Breezes. — Windj are movements of air 
in currents from one part of the atmosphere to another. They 
are caused by variations in the condition of the air in respect 
to heat and moisture, and, as these variations produce diiferences 
in atmospheric pressure, movements are set up, there being 
always an inflowing towards regions of low pressure. We shall 
here confine ourselves to the local movements called land and 



Fig. 159. — Land bree2e by night. 


sea breezes. These occur chiefly on the coasts of tropical 
countries, though they are also found during warm weather in 
our own islands, when not overpowered by a strong general 
wind. They are more frequent about islands and small 
peninsulas than in other situations. They blow alternately 
from the sea on to the adjacent land (sea breeze), and from off 



Fig. 160. — Sea breeze by day. 


the shore to the sea (land breeze). A little before noon the 
sea breeze begins in the offing and gradually extends to the 
coast, lessening and dying away towards the evening. A short 
period of calm follows, and then some time before midnight 
the land breeze comes from the shore and blows towards the 
sea until six or seven o’clock a.m. These winds are due to 
the different manner in which the sun’s heat affects the land 
and water, and also to the different radiating power of the two 
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surfaces. The surface of the sea is not raised to so high 
a temperature during the day as the surface of the land, partly 
because the solar heat penetrates further into the water than 
into the land, but chiefly owing to tlie greater specific heat of 
water (see par. 74), in consequence of which it requires nearly 
five times as much heat to raise its temperature one degree as 
the rocks forming the land surface require. 

On the other hand, the sea does .not lose so much heat at 
night by radiation as the land does, and accordingly it preserves 
a comparatively equable temperature throughout the day. The 
temperature of the land surface thus undergoes far greater 
changes of temperature than the sea surface, and this is of 
course also true of the air lying above both. Calm prevails^ 
as long as the temperatures over land and sea are the same;^ 
but as the solar rays become hotter towards noon, the more 
strongly heated land communicates its heat to the overlying air, 
and this causes it to expand and become rarer. A diminution 
of pressure on the land surface is the result. In the higher air- 
regions above the land there is an overflow of the air outwards 
from the heated part towards the cooler air at some distance 
over the sea. Hence the pressure over the sea rises, and very 
soon afterwards an equalizing air-current aiises in the lower 
parts of the atmosphere and flows inwards towards the heated 
land, and is tiierefore called a sea breeze. The strength of the 
sea breeze is not always the same. It increases until the 
difference of temperature between the land and sea is .at its 
maximum, and then gradually diminishes until about equal 
temperatures are found. 

As soon as the sun’s rays cease the land cools down much 
more quickly than the sea, and hence the temperature of the 
air above the land falls. The air-masses over the land thus 
contract and the pressure increases. There is therefore above 
a current of air from the sea towards the land, which assists in 
increasing the pressure over the land and diminishes it over the 
sea. In accordance, then, with the general law that currents 
blow from regions of high pressure to those of lower pressure, 
an equalizing stream sets in from the land towards thg sea and 
so develops a land breeze. The time during which a land 
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breeze blows is usually from an hour or two before midnight 
until six or eight o’clock in the morning. 

Diurnal winds, similar to land and sea breezes, termed 


mountain and valley winds^ 
districts. The slopes of 
the mountain exposed to 
the sun’s rays become 
more heated during the 
day than the land surface 
of the valley, and the air ^ 
resting on the slope be- g 
coming hotter than that ^ 
in the valley flows off 5 
above. A difference of g 
pressure is thus set up, ^ 
and a surface wind blows 
up the valley by day. At ^ 
night the slope of the g 
mountain quickly cools, 
and the air resting upon p 
it becomes denser than ^ 
that in the valley. A ^ 
breeze from the moun- 
tain then passes down the 
valley in the night, 

'184. Trade Winds, 
Monsoons, and Cyclones. . 
— Near the earth’s equa- ^ 
tor, under the vertical rays g 
of the sun, there is enor- o 
mous evaporation and fe 
great heating of the sur- g 
face with consequent heat- 
ing of the air resting upon 


prevail in some mountainous 



it. Hence arises an equa- 
torial belt of low pressure (referred to in par. 174), for the hot 
moist ap expands, and ascending flows off above towards the 
poles, thus reducing the atmospheric pressure near the equator. 
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This equatorial belt of low pressure, a few degrees in breadth, 
forms a zo?w of calms, with frequent heavy rains often accom- 
panied by violent thunderstorms. This belt of calms (Doldrums) 
advances towards the north in summer, as the sun is then 
above the equator, and towards the south in winter, as the 
sun is then below the equator. In fact, it follows the thermal 
equator, as the line along which the greatest heat on the earth’s 
surface at any season is called.^ The expanded and rising air 
of the calm belt leads to the steady inflow of surface winds 



htoted air rises, to flow away towards the poles in the upper 
’ A f part returning to join the descending cooler air l^rni 
form^he'soutiwes^t'ISti.^^^^^ north-east trades, and part passing onwards to 




from regions of greater pressure in higher latitudes towards the 
equator. If the earth were at rest, a north wind would prevail 
at the north side of the calm belt and a south wind on the 
south side of the calm belt. But the earth’s rotation deflects ^ 
these ^vinds to the right in the northern hemisphere and to the 
left in the southern, their directions becoming more and more 
easterly as they approach the equator. These regul^ winds, 
from the north-east on the northern side of the equator, and 
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rom the south-east on the southern side of the equator, con- 
titute a regular system of qprrents known as the trade winds. 
)ver the land the greater friction and the irregular distribution 
f temperature disturb their uniformity, and hence they are 
lost marked in the open sea, where the surface temperature 
; more uniform. 

The trade winds, then, are constant winds blowing -in a 
sgular trade or course over the oceans towards the equatorial 
igion of low pressure, those in the northern hemisphere, 
:arting about 30 ° N. lat and being deflected towards the 
ght by the earth’s rotation, constituting the 7iorth-easi trades ; 
nd those in the southern hemisphere, starting about 30 ® S. lat. 
nd being deflected towards the left, constituting the sontiteast 
‘ades. Both die out as they approach the belt of calms. 

Beyond the borders of the trade winds in both hemispheres 
le prevailing winds are from the south-west or west, but these 
esterly winds are not so regular as the trade winds. These 
esterly winds arise in great part from the upper currents that 
Dw from the equator, and descend to the surface about the 
lirtieth parallel of latitude, where they produce the calms of 
'ancer in tlie northern hemisphere, and the calms of Capricorn 
. the southern. Continuing northward or southward, and 
sing deflected to the right or left according to the hemisphere 
Lorth or south) by the earth’s rotation, they form the westerly 
mds or a^iti-trades of temperate latitudes (see Map. VIII.). 

Monsoons are periodic winds that blow over the Indian 
cean and adjacent lands — a north-east 7?iofisoon during the 
inter months from October to March, and a south-west 
onsoofi during the summer months from April to September, 
uring the cooler half of the year, the north-east monsoon 
in fkct, the regular trade wind of the northern hemisphere, 
be change to a south-west monsoon in summer is the result 
the sun’s heat upon the continent of Asia. In summer the 
iat upon the southern part of Asia is greater and the air less 
mse than that of the Indian ‘ Ocean, and consequently air 
.sses from the region of higher pressure over the ocean to 
e regi<»n of lower in Asia, and, being deflected by the earth’s 
tation to the right, becomes the south-west 77io7isoo7i. The 
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lange of monsoons is usually accompanied by violent storms, 
is this south-west wind laden with vapour that produces the 
■eat summer rainfall on the high range of moxintains in the 
)rth of India (par. 218). 

The variable vdnds of the north temperate zone either blow, 

' a rule, inwards towards a centre of low pressure, or outwards 
1 all sides from a centre of high pressure. A wind-system in 
bich the wind blows spirally around and in towards a centre 
low pressure is called a cyclone (Gr. kuhlos, a circle), as 
e isobars outside the centre have a more or less circular 
ape. A wind-system with light winds flowing outwards from 
centre of high pressure is known as an anti-cyclone. The 
rection in which winds blow spirally inwards in a cyclone is 
r the northern hemisphere) opposite to that of the movements 
‘ the hands of a watch lying face upwards ; in an anti-cyclone 
e opposite. The position of an anti-cyclone is usually pretty 
instant for days, or even weeks together, but that of a cyclone 
constantly changing, as the centre of low pressure is always 
ifting, generally in a more or less easterly direction.” Othef 
volving storms of wind and rain are known in different 
gions as hurricanes^ typhoo 7 is^ or tornadoes^ as well as cyclones. 

Hurricanes are whirling storms that usually have their 
igin in tropical regions. The spirally blowing winds are 
ry violent, but at the centre there is an area of calm. Those 
It begin in the Atlantic usually pass over the West Indies 
d then onwards across the Atlantic, their progress occupying 
^eral days. In the Chinese Sea such storms are known as 
dioons, A tornado is a whirling storm of different character, 
om a black sky a funnel-shaped cloud extends down to the 
:th witli a rapid whirling motion, and this cloud rushes over 
5 land at a great speed, its narrow path being marked by 
sat destruction. When seen at sea a tornado is spoken of as 
waterspout^ as the funnel-shaped cloud often draws up from 
s sea a mass of whirling spray. All these storms may be 
yarded as small cyclones of violent character, but the term 
slone is best used of the larger and less violent storms 
mtioned above. Violent cold north or north-west winds 
:orapanied by driving snow are known as blizzards* They 
:ur in winter, on the great plains of North Americ^ east of 
: Rocky Mountains, 
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THE SEA, 

185. The entire surface of the globe is estimated at 197,000,000 
of square miles, and of this a little more than one-quarter, 

52.000. 000, is occupied by land; and nearly three-fourths, 

145.000. 000, is covered by water. The land consists mainly 
of two great masses known as the Old World and the New 
World, and it is evident from looking at a terrestrial globe that 
the great mass of this land is situated in the Northern Hemisphere, 



there being about three times as much land to the north of the 
equator as there is to the south of it. Though the waters of 
the ocean surround the land on every side, yet they are broken 
up into certain areas by the arrangement of the land portions, 

and to these various parts we give particular names. 

% 

(i) The Atlantic Ocean, lying between the western shores of Europe 
and Africa and the east coast of America. 
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(2) The Pacific Ocean, lying between the west coast of America and 
the east*coast of Asia. 

(3) The Indian Ocean, lying between the south of Asia and the 
Antarctic circle. 

{4) The Arctic Ocean, lying within the Arctic circle. 

(5) The Antarctic Ocean, lying within the Antarctic circle. 

We know that our earth is a ^lobe or sphere in shape. If we imagine 
it cut into halves by a plane passing through the two poles and the middle 
of the Atlantic on one side, and through the Pacific Ocean on the other, we 
call that half which lies to the west of England the Western Hemisphere, 
and the half that lies mainly to the east of where we live the Eastern 
Hemisphere. These two hemispheres may be seen in any atlas. 

But we may also suppose the globe to be divided into halves by a 
plane passing through the equator, and we should then get a Northern and 
Southern Hemisphere, a figure of which shows plainly the arrangement of 
land already refeined to. 

Again, the world may be supposed to be divided into halves by a plane 
perpendicular to a plane passing through the theridian of Greenwich, so that 



London is the centre of one hemisphere, and a point (Antipodes Island) 
in the ocean near New Zealand the centre of the other hemisphere. This 
shows us what may be called the Land and ‘Water Hemispheres, as the one 
is mainly made up of land and the other mainly of water. 

t86. Composition of Sea-Water. — The water of the ocean 
is not pure water, but contains dissolved in it various chemical 
substances known as salts. These salts amount in all to a little 
over 31- grains in 100 grains of water; or, in other words, 3-|- 
per cent, of sea-water by weight consists of dissolved salts ; 
chloride of sodium or common salt is the chief, forming 27 of 
the whole 3^ per cent, of saline ingredients. 
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Experiment 102. — Take two evaporating basins. Into one pour a 
certain volume (say 25 c.cms.) of water from the tap, and into the other an 
equal volume of sea- water. In both cases evaporate to dryness. Notice 
that there is hardly any residue from the fresh water, whilst the sea-water 
leaves a comparatively large amount of residue behind. This proves that 
sea-water contains dissolved in it a much larger amount of solid substance 
than fresh water. 

Experimmt 103. — Fill the flask used in Experiment ii up to the mark 
with tap- water, and \yeigh. Note the weight. Empty it, and then fill up 
again to the mark with sea-water. Again weigh. Since the flask used 
both times is the same, the greater weight in the second case must be due 
to the fact that salt water is denser, or has a higher specific gravity than 
fresh water. 

The following table exhibits the exact percentage composition of sea- 
water. 

One hundred parts by weight of sea-water contain — 


Water 

96-470 

Sodium chloride ...... 

2700 

Magnesium chloride ..... 

'360 

Potassium chloride 

‘070 

Magnesium sulphate 

•230 

Calcium sulphate ...... 

•140 

Calcium carbonate 

•003 

Magnesium bromide 

*002 

Traces of iodides, silica, etc,, estimated 

*025 

■100*000 


Though the average proportion of salts is, as already stated, about 
three and a half parts in every hundred parts of water, yet there are slight 
variations. 

In those seas which receive a large quantity of fresh water, and where 
there is little evaporation, as in the Bdtic, the percentage of dissolved 
matter is lessened ; while in such seas as the Mediterranean, where evapo- 
ration is greater than the supply, the percent^e is increased. The highest 
percentage found in the Chailenger expedition was 3737 in water token 
from the iniddle of tlie North Atlantic. The Red Sea, however, contains 
the saltest water, the percentage of dissolved matter being 4*3. This is 
owing to the great evaporation always going on, and because no fresh 
water is poured into it, the supply of water being kept up by a current 
through the Straits of Babelmandeb. The presence of these diiolved sub- 
stances is evident to the taste, for sea-water is both salt and bitter. But 
the salts can be readily seen if a small portion of sea-water is evaporated. 
A number of crystals is then found in the basin, and on reference to the 
table of the composition of sea-water it will be seen that common salt 
(NaCl) forms by far the largest portion of these soluble materials. Each 
of the substances has its own crystalline form, but the cubical crystals of 
common salt are the most abundant. In the south of Europe and other 
warm districts sea-water is allowed to run into shallow beds, which are 
shut off from the sea. As the water evaporates, a crust of salt forms on 
the margin, which is afterwards taken out. 1 

187. How the Sea heoame Salt. — It is probable that the waters of the 
sea have, been salt from the time that the earth became cool enough to 
allow the vapours of the atmosphere to condense and collect in the hollows 
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of the surface. No doubt this original atmosphere had in it many saline 
vapours, and ever since this period the rivers and streams that flow from 
the land have carried in solution to tlie sea the various substances now 
found dissolved in it. As the water that evaporates from the sea is pure, 
the dissolved mineral matter being left behind, and as this water again falls 
on the land as rain, snow, etc., percolating through the rocks and dis- 
solving such mineral matter as is soluble, it may be supposed that the salt- 
ness of the sea increases. There may be a very slight increase, but it must 
be remembered that there is a constant loss of this mineral matter in two 
ways. Some of it is caiTied back on to the surface of the land during 
storms and high winds, immense quantities of spray being often blown 
inland and carrying with it the dissolved salt. Another check to the in- 
crease of the saltness of the ocean is the requirements of the animals and 
vegetables that have their abode in it. The carbonate of lime (CaCOg), 
and the calcium sulphate (CaS04), carried down in solution by rivers is the 
material out of which the hard parts of shell-fish, corals, foraminifera, etc., 
ore built up. After their death these hard paits accumulate, and form the 
beds of limestone and chalk of which we have previously spoken. Silica 
(SiOj), though existing in but minute quantity, 9 parts in icxD,ooo of water, 
is secreted by certain minute marine plants called diatoms, and minute 
animal forms called Radiolaria. It is probable that some of the silica is 
derived by these organisms from the fine clayey particles in sus^^ension in 
sea-water. It may also be mentioned lhat sea-water contains a certain 
amount of gases in solution, chiefly air and carbonic acid. The oxygen 
of this air is req^uired by the animals that live in the ocean, and is constantly 
being renewed m the wind -tossed waves. 

1 88. Density or Speoifio Gravity of Sea-Water. — Compared with pure 

water, sea-water is found to be slightly heavier ; its mean density being 
1*0275, water being i. The salter the water is, the greater its 

specific gravity. Fresh water, being specifically lighter, floats on the surface 
for a time, but gradually becomes mixed with the heavier water beneath. 
It is owing to this that after a heavy rain, or at some distance from the mouth 
of a large river, fresh water may often be taken from the surface. As water 
is nearly incompressible, the density at various depths shows but very slight 
increase, though the pressure increases enormously. At a depth of 1000 
fathoms there is a pressure of about one ton to the square inch. Since the 
density depends chiefly on the amount of salts in solution, it is found that 
the specific gravity of the open ocean is greatest where the saltness is 
greatest. This occurs where mere is great evaporation, and where we have 
winds constantly blowing over the surface, viz. in the trade-wind regions of 
the North and South Atlantic. As a rule the density diminishes from the 
surface to about 1000 fathoms, and then increases again to the bottom. 
Near the coast where rivers enter the sea, and towards the poles where 
much rain foils, and ice and snow are continually melting, the specific 
gravity diminishes. 

189. Sea-leveL — The level of the sea at any place is 
constantly varying on account of waves and tides, but the level 
surface half-way between mean high and mean low water is 
termed the fnean sea-level at that place. Heights above sea- 
level on the ordnance survey map of Great Britain are heights 
above “mean sea-level” at Liverpool. Owing to currents. 
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prevailing winds, etc., this mean sea-level at Liverpool is not 
the mean sea-level at other places on our coasts. But in other 
parts of the world there are greater disturbing causes. The 
gravitative attraction of large mountain masses raises the mean 
level of the sea surface in their neighbourhood, so that it has 
been estimated that at the mouth of thd Indus, where the 
attraction oT the Himalayas is effective, the mean sea-level is 
300 feet further from the centre of the earth than on the coast 
of Ceylon. It thus appears that there is no one definite mean 
sea-level, and comparisons of heights of distant places above 
sea-level are somewhat uncertain. 

190. Instruments of Research. Depths of the Sea 
the last few years much information has been gathered regard- 
ing the depth, temperature, and living forms of the ocean. 
The English, American, Norwegian, and other Governments 
have sent out expeditions to explore the deep seas. The most 
important of these was the Challe?iger expedition. The 
Challengei^ was an English screw corvette which steamed 
away from Sheemess on December 7, 1872, and for three years 
and a half investigated the waters of the globe. During the 
first two years of the cruise Sir George Nares was in command 
of the ship, and he was succeeded at the end of that time by 
Captain Frank Thomson. During the whole time the scientific 
work was under the direction of Sir Wyville Thomson, assisted 
by Mr. Jolin Murray and other men of science. We will now 
give a brief account of the methods followed on board such an 
exploring ship. 

The depth of the ocean is found by the method of sounding. The 
ordinary method of sounding is to let down a weight with a line attached. 
This answers well enough in shallow water, but fails at great depths, 
because when the weight strikes the bottom cannot be learnt, as the line 
still continues to run out. After many experiments it was found that if a 
very heavy weight were attached, the sudden change in the rate indicated 
when the bottom Was reached. But such a heavy weight could not be 
drawn up again, and Lieutenant Brooke contrived a simple means by which 
the weight or sinker should be detached on striking the bottom. This 
method has been still further improved upon, and the mode of sounding 
adopted by the Challmger was as follows. 

A block and pulley with “ accumulators ” is fastened at the end of the 
ship’s fore 3»ird. These ** accumulators ” are bands of indianibber attached 
between two discs of wood for the purpose of breaking the strain on the 

Q 
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sounding Jine, At the bottom of the accumulators another block is hooked 
with the sounding line rove through. To the end of the sounding line is 
attached the sounding rod or tube. The sounding line is marked at every 
25 fatlioms, ‘ and lengths of 3000 fathoms are kept on each reel. Tlie 
sounding rod consists of a long cylinder of brass tubing about 2 inches 
in diameter, and fitted with a pair of butterfly valves at the lower end, 
opening inwards. The water that enters the lower end of the tube, while 
it is sinking, posses ouf through holes in the upper part. Round this tube 
sinkers of iron, each 56 lbs in weight, are 
attached, i cwt. being usually allowed for 
each thousand fathoms. These sinkers are so 
fastened to the tube about 18 inches from its 
lower end that they are detached on reaching 
the bottom, and left there. Owing to the 
enormous pressure at great depths, it would be 
impossible to draw them up. It is known 
when they have reached the bottom and fallen 
off by the sudden change in the rate at which 
the line has been running out. On striking 
the bottom the sounding tube is forced into the 
mud, and the valve prevents the materials thus 
olDtnined from falling out. In this way not 
only is the depth at a particular place ob- 
tained, but specimens of the ocean floor are 
brought up. In Globigerina ooze the tube 
sinks 8 or 9 inches, and in clay about 2 feet. 

Figs. 165 and 166 give a view of two of 
the sounding rods used during the voyage of 
the ChaUeiigei\ with four weights or sinkers 
in ^position round the lube. These sinkers are 
cylindrical pieces of iron with a hole through 
the centre, through which the sounding tubes 
pass. They rest on an iron disc or washer, 
which is held in position by a wire fastened to 
an arrangement at the upper end of the rod, 
so that on reaching the bottom the wire is set 
free, and the sinkers slide off. 

But there are also other instruments atr 
tached to the sounding line when it is sent 
down. These are a specially constructed 
and protected self-registering thermometer to 
measure the temperature, a pressure gauge to 
register the pressure of the superincumbent 
column of water, and a water-bottle to bring 
up a specimen of water from the depth reached. 
The thermometer used in deep-sea sounding 
has to be specially constructed to resist the enormous pressure to which 
it is subjected. Hence the bulb which contains the mercury, or other 
fluid by whose expansion and contraction the temperature is measured, 
is enclosed in a strong glass case, so that its indications are not affected 
by the external pressure. Thennometers are sent down to different depths, 



Fig. 165. 

— The Hydra 
sounding rod. 


Fig. 166. 

— Baillie’s 
sounding rod. 


. , ' t fathom = 6 feet ; and 8S0 fathoms, or 1760 yards, 01^280 feet = 
I mile. 
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and the temperature ascertained both at the surface and at various 
levels. The water-bottle is really a metal cylinder having a stopcock 
at each end connected by a rod, and so constructed that the water 
flows freely through it while descending, but when an upward movement 
begins the rod shuts the stopcocks and encloses a specimen of the water. 
On leaving the ship the sounding line with the instruments attached 
may be represented by the diagram (Fig. 167), though it should be 
noted that, through fear of damage from the motion of the ship, the 



Fig. 167. — Diagram to illustrate method of sounding on b6ard Chulltnge7‘. 

A, block secured to fore yard ; B, accumulators ; C, block through which sounding 
line passes; F, pressure gauge and thennometer. E, water-bottle; D, sotmding 
rod and sinkers. 

mounding rods and sinkers were lowered into the water before the water- 
bottle and other instruments were attached. At first the line is let out 
ilowly, but on reaching about 400 fathoms it is allowed to run out freely, 
he ship being kejDt over the place where the sinkers entered the water, 
rhe interval of time between the marking of every 100 fathoms is noted. 
These internals gradually increase, owing to the sinkers being retarded in 
heir descent by the friction of the increasing amount of line passing through 
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the water. But the intervals are sufficiently regular to show that any 
sudden lengthening of the time indicates that the bottom has been reached. 
The bottom ha-vnng been reached, the line is carefully drawn up by means 
of a donkey engine. When the thermometer, water-bottle, and sounding 
tube have reached the surface they are taken on board and detached from 


Fig. i68 — S^-bed ^ound Britain. The darkest shading indicates land above 
600 feet high ; the next shading shows the present outline of the land ; the 
lightest ^ding indicates the sen floor at depths of 100 fathoms and less' and 
shows what would become land were the bed elevated this height. 



the line.^ The temperature indicated by the thermometer is read off and 
entered*into a book ; the water and the contents of the soundino- tube are 
carefully preserved for examination. ^ 

For measurements where there was no reason to . expect a depth of over 



MaI’ VI.— Atlantic Ocean, showing cleptha. 


Ttfeidco. Yucatan Cuba, Hayti. Lesser Antilles. Cape Verde Islands. Senegambia. 

Porto Rico. 
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looo fathoms* the ships used an ordinary deep-sea lead, fitted at its base so 
that an iron cylinder with a butterfly valve can be screwed on. The whole 
can be drawn up from such a depth. 

Dredging . — ^Besides the somiding apparatus, a dredge or trawl is also 
used to obtain specimens of the creatures living at various depths, or on the 
ocean’s floor. During the latter part of the Challmgeds voyage a trawl of 
the ordinary shape was generally used. It consisted of a V-shaped net, 
one side of which ^vas fastened by straps to a stout beam of oak, while the 
other side of the net hung loose. 

191. Depth and Toini of the Ocean Floor. — As a rule the sea is 
shallowest near the land, though in a few cases there is a sudden descent 
to a great depth at a very short distance from the coast. Lowlands have 
usually shallow seas near the coast, and highlands deep water. Thus the 
seas around the British Islands are all comparatively shallow. The greatest 
depth in the German Ocean is about ico fathoms, and in some parts, as 
the Dogger Bank off the northern coast of England, there are very shallow 
sand-banks ; in the Irish Sea the depth is 40 fathoms, and at Dover Straits 
the depth is less than 30 fathoms. For about 100 miles, too, off the west 
coast of Ireland and Scotland the sea is comparatively shallow, aiid the 
slope of the Atlantic but gentle. The British Islands are thus situated on 
a submerged plateau, and in all probability once formed part of the Euro- 
pean continent, separated only from Norway by a gulf where the water is 
now 300 fathoms deep. In a similar way New Guinea is i^roved to have 
once been joined to Australia. From the plateau on which the Britisli 
Islands are situated there is a rather rapid descent into deep water to a 
depth of about I2,cxx) feet. This stretches as a deep valley for hundreds 
of miles to the west, and ranges north and south almost parallel with the 
face of the Old World. A similar wide and deep %^alley is found to run 
parallel to the American coast, while between these two deep marine 
valleys rises a ridge which runs down the centre of the Atlantic. The 
upper surface of this central ridge is only about 10,000 feet below the 
surface, but the two great ocean valleys on each side of the ridge attain a 
depth of 18,000 feet. The accompanying Map III., p. 229, from Dr. 
Haughton’s “ Lectures on Physical Geography,*” shows the form of the 
bottom of tlie Atlantic Ocean. The unshaded portions are less than one 
geographical mile in depth— under 6000 feet. The shaded portions are 
more than one mile and less than two miles in depth, between 6coo and 
12,000 feet. The black portions are more than 12,000 feet in depth. 
This map shows — 

“ (^z) How closely the contour lines of 6000 feet and 12,000 feet cling 
to the coasts of Africa and South America. 

“ (^5) The remarkable central ridge (‘Dolphin,’ ‘Connecting,’ and 
‘Challenger’) that divides the Atlantic into deep canals, keeping near 
Africa and South America respectively. 

“(f) The islands of St. Helena, Trinidad, and Fernando de Noronha 
(especially the latter), rising abruptly from the deepest parts of the sea 
bottom.” 

Another mode of illustrating the depth of the ocean is to show a section 
between two coasts. Fig. 169 is such a section between the coast of Africa 
and tlie coast of Central America. From this section we see that the West 
Indian islands shut off the deep waters of the Atlantic from the shallower 
basins of the Mexican Gulf and Caribbean Sea. But it must be borne in 
mind that;^in such a section the vertical scale Ls a great manjr times more 
than the horizontal scale. To guard against the false impression that may 
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arise if tbis is not remembered, a small portion of this section which in- 
cludes the Cape Verde Islands is repeated (Fig. i 7 o)j though even here the 
vertical is ten times the horizontal. 

On reference to the general map of ocean depths, which is shaded for 
depths different from those taken as the basis of shading in the Atlantic 
Ocean map, it will be seen that each of the deep valleys of the Atlantic 
contains still deeper abysses. One of these lies to the north-east of the 
West Indies ; and here, at a distance of about lOO miles north of the island 
of St. Thomas, the Challenger obtained a sounding of nearly 4^ miles. 
Since then H.M.S. Pmgtiin has obtained soundings of over 5000 fathoms 
in the Aldrich Deep of the South Pacific, south of the Friendly Isles. 

The average depth of the Pacific Ocean has been estimated at between 
I5}CXXD and 18,000 feet, which is slightly greater than that of the Atlantic. 
The deeper portions may be learnt on reference to the map. The western 
portion of the North Pacific in particular shows some very deep depressions. 
To the east of Japan lies a long deep trough which in one part has furnished 
the sounding of nearly 5^ miles. This abyss is often called the Tuscarora 
Deep. South of the Ladrone Islands, in the Caroline Archipelago, there 
is also a deep abyss where the Challenger obtained a sounding of nearly 
27,000 feet. In the South. Pacific, south of the Friendly Isles, one sounding 
of over 5155 fathoms has been obtained. A submarine ridge connects the 
Friendly Islands, the Fiji Islands, and the New Hebrides. 

In each ocean the greatest depths are in the Northern Hemisphere and 
towards the western border. Towards the north in the Northern Hemi- 
sphere the ocean rapidly becomes shallow. Between Great Britain and 
Iceland the depth is mostly under 6000 feet, and in Bellring’s Straits the 
depth is only about 1 50 feet. The southern portions, however, of the great 
oceans are mostly of average depth. (See coloured map.) 

The Indian Ocean has an average depth of about 12,000 feet, and the 
deepest soimdings have been taken on the eastern side. The bed of the 
ocean has none of the steep ridges and jagged outlines of mountain scenery. 
There are great ocean plains where the ground is level ; there are sub- 
marine peaks having steep descents j there are submarine plateaux often 
connecting together continents and islands ; there are enormous valle}'S, 
and there are deep abysses reaching to five miles, and perhaps beyond. 
But in all coses the smoothing and romrding influence of the water has 
worn away the sharp edges so often seen on land, and has given to the 
steepest descents a roundness of curve and outline. ^ It is interesting to 
observe that the deepest sounding, about 5J miles, in the South Pacific, 
somewhat exceeds the height of the highest mountain. Mount Everest 
has a height of 29,000 feet above the sea level. And it must also he noted 
that the mean height of the land, 1000 feet, is only about one-twelfth the 
mean depth of the whole ocean, 12,000 feet. If as much land were carried 
into the ocean as would reduce the two to a common level, the ocean 
would still have a depth of about 10,000 feet. The average height of 
Europe, Asia, Africa, and South America is reckoned to be about 1130 
feet ; of North America, 750 feet ; and of Australia, 500 feet. 

192. Temparature of the Ocean, — As already remarked, much infor- 
mation has lately been gathered respecting the temperature ^ of the sea at 
various depths by the researches made during the voy^e of the Challenger 
and other vessels sent out for scientific exploration. Thermometers 

* Temjjeratures are expressed in degrees Fahrenheit when not otherwise 
indicated. 
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)rotected from the outward pressure of the water are let down during the 
)rocess of sounding to various depths, or several thermometers are fastened 
,t intervals along the rope, and what are called serial temperatures are thus 
ibtained. It must be remembered that the freezing-point of sea water is 
learly five degrees below the freezing-point of pure water, and that, unlike 
resh water, it contracts down to its freezing-point, thus becoming heavier 
fie colder it gets. It should also be noted that land is more readuy heated 
ty the sun’s rays than the waters of the sea, but it does not retain its heat 
0 long. The water has a greater specific capacity for heat than the rocks 
arming the land ; that is, it requires four times as much more heat to raise 
■s> temperature one degree tlian does the land. This greater amount of 
eat is given off as the temperature is lowered, so that warm currents of 
rater may thus give up a considerable quantity of heat to overlying colder 
ir. On the other hand, cold currents of water from polar regions may 
educe the temperature of the overlying air. These currents, of which we 
ave just spoken, will be treated of more fully in an Advanced Course. 
Ve must, however, point out that the great solar heat in the equatorial 
egions not only warms the waters in tJiat part, causing them to become 
pecifically lighter, but turns an enormous quantity into vapour. These 
auses produce a flow of the heavier colder water from the poles to the 
quator, and a contrary flow of the surface of the lighter and warmer water 
rom the equator to the poles. The direction of Siese currents is greatly 
lodified by the configuration of the coast, and the ridges in the bed of 
le sea. We shall afterwards prove the earth is a globe rotating on its axis 
'om west to east, and carrying with it the waters of the ocean and the 
ases of the atmosphere. \Vhen, therefore, either water or air is trans- 
irred from one part of the globe to another, where the rate of motion is 
ifferent, the direction of the water or air-current becomes modified. In 
assing from the polar to the equatorial regions, where the rotatory speed 
, greater, such a current is drawn towards the west. A constant current 
ows from the cold Antarctic regions towards each of tlie great oceans, 
his forms in the South Atlantic what is called the equatorial current. 
In reaching the coast of Brazil the equatorial current divides into two 
ranches, the northernmost of which passes through the Caribbean Sea into 
le Gulf of Mexico. Here, imder the powerful rays of the tropical sun, its 
uters become heated, and it issues from the Straits of Florida as a mighty 
ver, with a temperature more than 20® F. higher than the surrounding 
'ater of the North Atlantic. Assisted by the prevalent south-west winds, 
le surface drift of warm^ water from this stream is carried to the shores of 
ritain, and even of Spitzbergen. The cold current in the northern part 
f the Atlantic comes through Da\ds Shait along the costs of Labrador 
nd Newfoundland, where it often gives rise to fogs (par. 212). 

193. Surface Temperature of the Sea.— The temperature of 
le surface of the sea varies according to the latitude or distance 
om the equator, and also according to the seasons of the year, 
ccept in the equatorial regions, which are affected but little by 
lange of season. Generally speaking, the surface of the ocean 
iar the equator has an average temperature of about 80°, and 
is diminishes as we pass towards the regions of perpetual ice 
lund the poles. The highest temperature is found about 6° N., 
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aiid there the sea is usually warmer than the air. In the 
Northern Hemisphere there is a rise in the surface temperature 
of the sea in summer and a fall in winter, the epoch of highest 
surface temperature being in August, and that of lowest tem- 
perature in February — a month later than the corresponding 
turning-points in the temperature of the air. The same is true 
of the waters of the Southern Hemisphere — a rise in the 
southern summer and a fall in winter. The highest mean sur- 
face temperature is that of the southern part of the Red Sea, 
which is 90°. 

Areas of high temperature from 84° to 85° are the China 
Sea, the Bay of Bengal, a district south of Sumatra, a portion 
of the Central Pacific, and the sea in the Gulf of Mexico to the 
Bahama Islands. Around Britain the temperature of the sea 
varies from about 49° in February to 60° in August. Owing 
to the existence of currents and other causes the Lines of equal 
temperature in the temperate regions do not follow the parallels 
of latitude, though they correspond more closely in the case of 
the Pacific Ocean than in the case of the Atlantic. There is, 
however, never the same striking variation in the temperature 
of water at any place that there is in the case of air. Between 
the hottest and coldest part of the day there is seldom a differ- 
ence exceeding one degree in the case of the sea. The daily 
change in the temperature of the air over the sea is nearly four 
times greater than that of the water on wliich it rests. 

194. Deep-sea Temper at nxeB. — We may summarize the- chief facts 
now known regarding the temperature of the deeper parts of the sea as 
follows : — 

(i*) In the open sea, far from coasts and barriers, a continual decrease 
of temperature from the surface takes place as the depth increases, quickly 
at first, and then more slowly, until at depths of 3000 fathoms a tempera- 
ture of about 35° F. is reached, and in still deeper areas a temperature as 
low as the freezing-point of fresh water, 32° F. 

[b) The above is only true of the open sea, because where a submarine 
ridge exists, it retards the movements of tlie lower and colder waters, while 
the higher water passes over the ridge and fills up the area. Thus in the 
Sulu Sea the temperature falls rapidly from 80° at the surface to 5 ^* 5 ° 
400 fathoms, and this continues up to a depth of 25C>0 fathoms. Hence 
this sea is apparently surrounded by a ridge separating it from the ocean 
depth. In the same way the shallow Strait of Gibraltar (200 fathoms) cuts 
the Mediterranean off from the general movements of the waters in the 
Atlantic, thqs preventing the entrance of any cold polar water ; and hence 
we find in this sea a constant temperature of about 54° at a depth beyond 
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100 falhoms. A similar explanation probably accounts for the finding of 
two such different temperatures as 29° and 43° at nearly the same depth 
between Scotland and the Faroe Islands. 

{c) The layer of water at the bottom of which a temperature of 40° is 
found varies from 300 to 1000 fathoms in thickness, but the great mass of 
ocean water lies below this layer (see Fig. 171). 
This upper and comparatively thin layer of warm 
w^ater is usually much thicker in the North Atlantic 
than in the South Atlantic, a fact probably due to 
the large influx of heated water brought by the Gulf 
Stream. 

{d) The bottom temperature of the Pacific is on 
an average one degree lower than that of the Atlantic. 
In the North Pacific it was often below 35'^, while 
in tlie South Pacific, a temperature of 32-5° was 
found, and still further south {53° 55' S. lat.) the 
thermometer registered 31° at a depth of 1950 
fathoms. In the Arctic Seas the Water has been 
obseiwed warmer beneath than at the surface, though 
at the bottom and at the surface it may be below the 
freezing-point of fresh water. 

(f) The temperature of the sea sinks more rapidly 
over shoals and sliallows than in the open sea. The 
presence of cooler waters in these positions is probably 
caused by the colder deep layers being deflected 
upwards. 

{/) “All inJatid seas, at great depth, represent 
the mean temperature of the earth in the latitude 
where they are situated ; whilst in the ocean the low 
temperature of the bottom in every latitude is pro- 
duced by the cold currents setting in eternally from 
the polar regions.” These cold polar waters, having 
a higher specific gravity than the warmer surface 
waters, flow along the ocean floor towards the equator, 
the warmer and relatively lighter waters from the 
tropical regions flowing in 3 ie opposite direction. 
As the Arctic Sea is much less open to the Pacific 
xAtlantic (Behring’s Strait is only 60 miles wide), 
it is thought that the greater part of the cold and 
dense water near the ocean floor is an indraught from 
the unconfined Antarctic seas. 

195. Colour of the Ocean. — Sailors sing 
“deep blue sea,” and it is quite true 
near the equator, .diow. that far froiu land and in considerable 

mg the temperature at 

various depths. (A depths the sea possesses a pure bluish tint. 

fathom equals 6 feet.) . _ ^ it. , , ,, 

Nearer the shore, however, the shallow water 
has a pale green tint, owing to the amount of suspended matter, 
the reflection from the sandy bottom mixmg with the blue of 
the water. In some parts the varymg colour is due to the 
numerous small seaweeds floating in it, or to the countless 
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microscopic animals present. The vast quantity of yellowish 
muddy sediment brought down by the great Chinese rivers 
accounts for the name given to the Yellow Sea. 

196. Action of Sea on Earth’s Crust. — Wherever the sea- 
coast is fringed by hills, these are eaten into and gradually 
worn back by the action of the sea. The incessant action of 
the waves breaking against the shores, especially daring storms, 
tears away and wears down the rocks, which often fall from the 
clitfs in immense masses. 

This destruction goes on faster with the same kind of rock 
when the cliffs present a vertical face to the waves. Where the 
rocks dip seaward the action of the breakers falling on them is 
greatly diminished, as they roll up the slope with little opposi- 
tion, and without doing much damage. In the end, however, 
with the aid of atmospheric agencies their disintegration is at 
last effected. Portions become detached, and roll down the 
rocky declivity into the seething water below. 

This erosion of the coast is greatly assisted by the action 
of the rain and frost. The water getting between the fissures 
becomes frozen in the winter months, and the expansive force 
exerted during freezing widens the fissures and loosens the 
particles. The huge fragments thus broken off are caught up 
and hurled about by the waves. They are then broken up 
into smaller pieces, and the ceaseless roll of the waves wears 
off their sharp angles, and reduces them to the smooth rounded 
pebbles which form the gravel and shingle of many parts of the 
seashore. These undergo still further destruction, for in time 
the shingle is ground into sand, and the sand into mud. The 
finer this rock deb?is becomes, the further is it carried out to 
the sea by the action of the tides and currents. 

In the annexed diagram we have the section of a cliff, the 
upper part of which is composed of a hard rock, such as sand- 
stone, a, resting upon a softer rock, such as marl or clay, b. 
The action of the sea on the cliff would wear away the -soft 
rock quickly, and so undermine the cliff as in time to cause 
masses of the hard rock to fall in a heap at the base, c. These 
for a time would protect the lower part from further destruc- 
tion. But the action of the waves would eventually break 
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them up and round them into shingle, d, and at last grind these 
into stvid, carried further out at e. The finest particles of all, 
especially those derived from the softer rocks, would be carried 
out as nmd to a still greater distance. 

Those who have merely listened to the rolling pebbles on a 
sloping beach, watching the incoming wave hurl them up the 
slope and the retreating wave carry them rattling down again, 
can have no idea of the immense force exerted by the huge 
breakers striking an exposed ocean coast during a heavy gale 
of wind. On the west coast of Ireland, at Land’s End in 
Cornwall, and among the Western Islands of Scotland, it is 
sometimes equal to about three tons on a square foot. Thus 
a surface of only two square yards might sustain a blow from a 



Fig. i72.'-"Acrion of the sea on the rocks of the coast. 

heavy Atlantic breaker equal to about fifty-four tons. In such 
situations the rocks are often scooped and hollowed out into 
the most fantastic forms. Portions somewhat harder, or more 
favourably situated, have better resisted the action of the waves, 
and these stand out as headlands, or detached portions, as 
needles or stacks.” This unequal action on the harder and 
softer substance also gives rise to channels, creeks, and coves 
of every variety of form. 

The destructive effect of the water of the sea is greatly 
aided by the boulders, pebbles, and sand which the waves toss 
about : just as the sediment carried in the waters of a running 
stream assists in grinding away the banks, so the sea uses the 
masses and shingle of the beach as instruments to pound and 
batter the cliffs of the shore. 


We have thi^ seen how the sea is continually wearing away th^ land, and 
how rapid this destruction may he when the materials of the cliffs aie hut 
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soft. The comparatively soft strata of chalk that form the sea cliffs of 
Kent and Sussex are worn away (when not protected) at an average of- 
from one to two feet a year. The Isle of Sheppey has lost fifty acres 
of land in the space of about twenty years. On some of the eastern parts 
of the shores of England the crumbling clay that forms the sea cliffs suffers 
a loss of from one to three yards a year. Tynemouth Castle now stands at 
the edge of the sen, though a strip of Jand formerly intervened. The 
ancient sites of some former towns and villages, such as Auburn, Kaven- 
spur, and Hyde on the Yorkshire coast, now lie buried beneath the sea. 
“During the most violent gales the bottom of the sea is said by different 
authors to be disturbed to a depth of 300, 350, or even 500 feet, and Sir 
Henry de la BSche remarks that when the depth is fiCteen fathoms the 
water is very evidently discoloured by the action of the waves on the mud 
and sand of the bottom. But in the deep caves of ocean all is tranquil, all 
is still, and the most dreadful hurricanes that rage over the surface leave 
those mysterious recesses undisturbed.” 

It must be noted that the sea is not eating away the land 
on every shore. In some parts are places sheltered from the 
action of the waves, and some shores have for a long distance 
seaward a level sandy beach, on which the waves spend their 
Force without injuring the shore. In other places the sea, 
assisted by currents and w^inds, piles up ridges and hills of 
sand on the shore. Sea-shore sand consists of the water-worn 
particles of previously existing rocks reduced to small grains. 
It is partly brought down by rivers where it was held in 
mechanical suspension, and partly derived from cliffs on the 
sea-shore. The masses broken off the cliffs are first reduced 
:o pebbles or shingle, and then, by the continual attrition of 
:hese produced by the rolling of the waves, they are reduced 
:o small rounded grains. The most abundant material com- 
Dosing sand is quartz grains, but mixed with these there is 
Dften a quantity of calcareous material formed by the trituration 
)f shells. Coral sand is derived mainly from the breaking up 
ff coral rocks. 

197. Deposits on , the Sea Floor. — Messrs. Murray and 
R.enard divide the deposits on the sea floor into (i) terrigmous 
icposiis^ or deposits derived from the wasting of the land, and 
:arried down as sediment by the action of rivers, waves, and 
)ther movements of the water; and (2) pelagic deposits^ or 
ieposits found only in the deeper regions of the ocean basin. 

The tejgHginous deposits consist of (a) shore formations, blue mud, 
^een mud and sand, red mud — found in inland seas and along the shores 
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of continents; [b) volcanic mud and sand, coral mud and sand — found 
-around oceanic islands and along the shores of some continents. The 
yelagic deposits ooze, Globigerina ooze, diatom ooze, Radio- 

laria ooze, and red clay. 

As already remarked, the detritus or waste material produced by the 
action of the waves is deposited at no great distance from the shore, and 
shingle beds are not often met with at a distance of a mile from the coast. 
The finest particles of all are not carried further than 200 miles from the 
shore. These fine particles give rise to the gremish or blue muds so often 
found at depths of from 100 to 700 fathoms. This blue mud is the most 
extensive deposit now forming near the great continents and in large inland 
seas. Where large rivers enter the sea-portions of the finest material may 
be carried to still greater distances. These deposits, now forming near 
the shores of continents and large islands within 200 miles of tlie shore, 
resemble in all respects the sedimentary rocks of which we have spoken, 
and may at some distant period form the chalks, sandstones, shales, and 
conglomerates of future land. In the deeper parts of the ocean very 



Fig. 17^. — Section of Gravesend chalk, 
showit^ shells of foraminifera (highly 
- magnified). 



Fig. 174.— Organisms in Atlantic ooze, 
chiefly foraminifera, -with a few radio- 
laria and sponge spicules (highly mag- 
nified). 


different deposits are found. North of lat. 50° S., at depths varying from 
250 to 2900 fathoms, a fine, light-coloured ooze or' silt called Globigerina 
ooze^ is found. It consists chiefly of the minute calcareous shells of Globi- 
gerinse and other Foraminifera mixed with same silicious shells of Radio- 
laria. At greater depths this “modem chalk of the Atlantic” passes into 
red clay. In some places the calcareous ooze consists of the thin transparent 
shells of another class of animals (molluscs), called Pleropods. Padiolarian 
ooze is a deposit met with in the Western and Middle Pacific. It consists 
of minute perforated silicious shells, formed by tiny creatures called Radio- 
laria, that live in all zones, and secrete silica for their skeletons. Diatom 
ooze consists of the flinty frustules or cells of diatoms, tiny plants that live 
on the surface, and after death sink to the bottom. These microscopic 
cells or valves are found in areas of ^eat depth far from land. Red and 
chocolate clays form the chief deposit at the greatest depths. These are 
mostly of volcanic origin, and are probably produced by fhe volcanic dust 
carri^ by the winds, or from the decomposition of the pumice-stone borne 


Ocean Deposits. 


241 


by the waves. The colour is mainly due to the presence of iron and man- 
ganese oxides. Mixed with these clays, especially in the South Pacific, 
great numbers of sharks’ teeth and the hard compact ear-bones of wlmles 
were brought up by the dredge. 



The following table is derived from the Challefiger Report on Deep- 
sea Deposits : — 

Marine deposits are classified as follows : — 


Deep-sea deposits be^ 
yond 100 fathoms. 


Shallow- water deposits 
between low - water 
mark and 100 fathoms. 
Littoral deposits be- 
tween high and low 
•water marks. 


Red clay. 

Radiolarian ooze. 
Diatom ooze. 
Globigerina ooze. 
Pteropod ooze. 

Blue mud. 

Red mud. 

Green mud. 

Volcanic mud. 

Coral mud. 

Sands, gravels, muds, 
etc. 

Sands, gravels, muds, 
etc. 


Pelagic deposits formed 
' in deep waters far 
away from land. 

1 


Terrigenous deposits 

f formed in deep and 
shallow water close 
to land masses. 


j 


A fuller account of these 
Physiography.” 


deposits is given in the 
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CHAPTER XVII. 

OCEAN CURRENTS, 

•98. Causes of Currents. — Great stream-like masses of water 
ailed currents are found passing along the surface of each 
;reat ocean from one part to another, the general effect being 
0 tranter wnn water from equatorial regions towards polar 
egiqns, and^ to cause an underflow joi .cold water from polar 
egions towards the equator. It is* important to seek the cause 
iTth^' ocean currents and what determines their direction. 
)ne cause, no doubt, is the difference of temperature between 
quatorial ai:id polar regions, for water is expanded and made^ 
pecifically lighter by heat, so that the warm surface-water of 
le tropics will tend to flow away towards the poles. This, 
owever, is not the main cause of oceanic circulation, for it is 
ot sufficiently great to account for the large currents observed, 
tid another important agent plainly acts. The chief cause is 
ledi^mct frictional^ action , of the surface 

f the water, since in each ocean the currents move in the 
ime general direction as the winds. A wind sets the surface 
ater in motion, and as the wind continues in the same 
irection, the motion is transferred by friction to lower and 
>wer layers down to a depth of 400 or 500 fathoms. In the 
idian Ocean the direction of the currents changes with the 
irection of the monsoons. Actual experiments also show 
ind to be an effective cause of currents. By the aid of a 
dr of bellows, and a vessel of water with sawdust floating on 
le surface, the production of surface currents can be easily 
10 wn. A model of the Atlantic Ocean has been cl^nstructed, 
id on imitating the action of the prevalent winds by air 
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.rrents blown from a number of tubes, a system of tiny 
r rents corresponding to the real ones is set up. 

In consequence of the operation of the trade- winds, there- 
:e, there is a great westerly equatorial current in each great 
ean. Owing to the obstacles presented by the east coast of 
uth America, by the East Indian Archipelago, and by the 
ast of Africa, these equatorial currents are deflected both 
vards north and south temperate regions (see maps). Further, 
t as winds are deflected by the rotation of the earth on its 
a from west to east, so also are currents j so that, in whatever 
ection the water or air moves on the surface of the earth, it 
ieflected towards the right in the northern hemisphere and 
^ards the left in the southern hemisphere, the observer being 
iposed to be looking in the same direction as the current 
lowing. All these causes combined lead to a huge whirl 
eddy in the North Atlantic, the South Atlantic, the North 
nfic, the South Pacific, and the Indian Oceans. 

Much information on the direction and speed of ocean 
rents has been obtained by observations on the movements 
wrecks and driftwood, and by actual experiments with 
ting bottles thrown out in certain positions, and picked up 
in by passing vessels or when cast ashore. Ocean currents 
y enormous quantities of heat from tropical regions into 
ler latitudes, and thus modify .climate. The immense in- 
ice of currents is well illustrated by the fact that Labrador, 
se coast is washed by a cold Arctic current, is a bleak 
ispitable land, while countries in the same latitude, on the 
Dsite side of the Atlantic, tempered by the influence of the 
' stream, enjoy an agreeable climate with a tempei*ature 
ly 10 F, higher thari_Jhat naturally due to latitude. It 
Id be^noteT that mrrents are named according to the 
:tion towards which they ^ov^^—winds according to the 
:tion from which they blow. 

99. Currents of the Atlantic — The Q-xilf Stream. — The 
i-east and southneAStJrade vm^s of the Atlantic, combined 
'^e^Tfofation o f the ea rth," produce^ ^uatonal ^mfehts 
pasTlro'^thFAfr^ to the ‘^uffi AiheficanTcbast. Near 
i St. Roque, in Brazil, the westerly equatorial current is 
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deflected, and divides into two branches, one flowing south- 
wards and forming the Brazilian current, and another passing 
along the coast of Guiana. This latter branch, joining with 
the northern portion of the equatorial current, passes partly 
north-westwards outside the West Indian Islands, and partly 
into the Caribbean Sea, and thence into the Gulf of Mexico, 
to issue as the famous Gulf Stream. At the mouth of the 
gulf, termed the Strait of Florida, the Gulf Stream passes out 
as a strong current about 30 miles wide, with a speed of four 
miles an hour, a depth of 440 fathoms, a temperature above 
80° F. , and a deep blue colour, due to the high degree of saltness. 
Uniting with the portion that creeps along outside the West 
Indies, it flows north-east, increasing in width but diminishing 
in temperature, depth, and velocity. Off Newfoundland it is 
320 miles wide, has, a depth less than half the above, a velocity 
of only about one-third, and a temperature of 60° F. Near 
the middle of the Atlantic, about lat. 47° N., where its tem- 
perature is stiU 8° or 10° above the surrounding water, a 
division takes place. One portion flows on, or is carried by 
the prevailing south-westerly winds, as the Q-ulf Stream Drift, 
to the shores of the British Isles and North-west Europe. The 
other branch of the Gulf Stream turns southwards along the 
coast of Portugal and North-western Africa, to rejoin the northern 
part of the great equatorial current, thus completing a great 
oval whirl through the North Atlantic. In the midst of the 
calm waters of this whirl there is a vast area of seaweed and 
marine grasses, termed the Sargasso Sea. 

A cold current from the Arctic Sea, formed by the union of 
branches from the east coast of Greenland and from Baffin 
Bay, known as the Labrador Current, passes southward between 
the Gulf Stream and the coast of North America, the line of 
separation between the two currents being known as the 
“ Cold Wall.” It disappears off Cape Hatteras, having partly 
sunk under the lighter water of the Gulf Stream, and having 
pailly pierced the Gulf Stream in cold streaks. 

200. Currents of the Pacific. * The Kuro-Siwo. — From the 
Antarctic Ocean a cold current passes in a north-east direction 
to South America to form the Chili or Peru current. Gradually 
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becoming warmer owing to tropical heat, it turns westward 
about 20^ S. lat., and merges into the great equatorial current 
of the Pacific. This last-named current, formed of a northern 
and southern part like the equatorial current of the Atlantic, 
occupies the entire width of the Torrid Zone, and is driven 
westwards by the trade winds to the East Indian islands. 
Here it is broken up into several parts, one of which passes 
into the Indian Ocean, while another turns southwards and 
carries warm water past Eastern Australia and New Zealand. 
The main branch, howeVer, turns north past the Philippine ^ 
Islands, and then flowing north-east, becomes the great Kuro- ] 
Siwo, or Japanese Current. The Kuro-Siwo is thus formed in 
a similar manner to the Gulf Stream, and resembles it in course 
and character. Its warm ^vaters sweep along the eastern shores 
of Asia, and, after passing Japan, it divides into several branches. 
One of these reaches British Columbia, whose winter tempera- 
ture is thus raised, just as the Gulf Stream raises that of the 
British Isles and North-west Europe. 

201. Carrents of tlie Indian Ocean, — In the Indian Ocean a cool West 
Australian current unites with a current that comes between Australia 
and Java to form a south equatorial current tlmt flows west to the coast 
of Madagascar. A portion of this passes along the east of Cape Colony 
as the Agulhas Current In winter, when the north-east monsoon is 
blowing, a north equatorial current flows westward from Sumatra, curving 
upwards in the Bay of Bengal, and then passing to North-east Africa, 
where it is turned sou tli ward. At this time also a counter equatorial 
current flows eastward from Zanzibar towards Java between the other two 
equatorial currents. In summer, during the south-west monsoon, the 
currents of the northern part of the Indian Ocean are reversed, 

20ifl. Olimatio Efleots of CnirrentB. — Though the chief cause of 
climate is difference of latitude with the resulting Sfference in the amount 
of heat received from the sun (pars. 285, 2S6), yet, from what has now been 
stated, it is plain that ocean currents combine with other causes to influence 
the climate of countries whose shores are touched by them. Thus the Gulf 
Stream and its drift cany^ wannth to the shores of the British Isles, which 
have a more equitable climate than Labrador, about the same latitude, with 
its shores washed by a cold Arctic current. Similar effects on other shores 
may be gathered from the previous paragraphs of this chapter. 



CHAPTER XVIII. 

THE POLAR REGIONS AND THE ICE OF THE SEA. 

202. Arctic Ocean. — The Arctic Ocean includes that portion 
of the sea surrounding the north pole, and bounded on the 
south by the northern coasts of Europe, Asia, and America. It 
does not therefore exactly coincide with the Arctic circle, which 
is 2 3|-° from the pole, as it reaches further south at the north of 
the Old World, and at the North Cape where it joins the 
xA^tlantic. With the Atlantic it has two gateways of communica- 
tion, the wide .opening between Norway and Greenland, and 
the narrower passages through Davis Strait between Greenland 
and the great archij^elago of islands on the north of America.. 
With the Pacific it has only a narrow connection of sixty miles at 
Behiing Strait. The passage between the Atlantic and Pacific 
along the ice-encumbered channels between the islands on the 
northern shores of America is called the “ North-west Passage, 
and was once much sought after as a route to India and the 
East. The passage along the northern shores of Europe and 
Asia through Behring Strait is called the “ North-east Passage.” 
This circular basin included within the above limits is but very 
partially known. Erom the parallel of 72*^ north, which skirts 
its southern land limit, up to the parallel of 80° it has been 
often explored, but only a few expeditions have proceeded 
farther north. This is on account of the sea beyond being so 
blocked with ice that ships are not able to make progress. In 
1875 Sir George Nares reached the latitude of 80^ 10' N. in 
H.M.S. Akrff and from that ship a sledge party, under Com- 
mander Markham, succeeded in planting the British flag in 
latitude 83° 20' 26" N., 400 miles from the pole. Instead of 
finding the open polar sea,” the ice was found to be^ of most 
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unusual age and thickness, and to this region the name Falao- 
cry Stic Sea^ or sea of ancient ice, has been given. Owing to the 
absence of land trending northward, and the polar pack not 
being navigable, Sir George Nares concluded that no ship 
could be carried north on either side of Smith’s Sound beyond 
the position they had attained. Dr. Nansen in his famous 
voyage with the Tram (1893-1896) reached, however, a 
latitude of 86° 14^ N. His soundings showed a depth of over 



Fig. 176. — Vessel lifted out of the water by pack-ice. 


2000 fathoms in most cases, so that the deep hollow of the 
Atlantic passes towards the pole between. Greenland and 
Spitzbergen. 

203. Marine loe. — On approaching the ice of the polar regions, its 
presence is indicated to the mariner by a brilliant band of yellowish- white 
light along the horizon called the ice-blink. The ice-blink is produced by 
the reflection of the light from the snow-covered ice. The ice of the 
Arctic seas is of two different kinds, the one being formed in tlie sea, and 
the other coming from the surface of land. The intense cold of the 
Arctic wiftter freezes the water on the surface of the sea, but the restl^s 
movements of the waves seldom allow a thick covering of level ice to be 
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formed, large stretches having an uneven surface being produced. Such 
an expanse of marine ice havmg no visible limit is called an ice-field. An 
ice-field, then, does not consist of a level sheet, but is an immense 
irr^[ular expanse, having deep hollows and large mounds called “ hum- 
mocks,” or hills, and is often interspersed with fissures, which are some- 
times filled with drifted snow. In the winter this frozen sea is kept within 
its narrowest limits, but at the beginning of summer the ice-field, which 
may be continuous for hundreds of miles, begins to break up, the smaller 
detached portions of a field being called jioes^ and a number of floes closely 
compacted together is known as pack-ice. It is this pack ice which so 
often forms a barrier impassable to ships even in summer, though at times 
it opens out into channels through which a bold adventurer steers. In 
1806 Captain Scoresby forced his way through 250 miles of pack-ice until 
he reached the latitude, of 81° 5°' N. A pack is sometimes broken up 
into loose masses called drift ice. The ice-nelds detached from the frozen 
seas during the summer are carried forwards by waves and currents, and 
sometimes crash together with such force as to produce a scene of terrible 
grandeur, huge floes being broken ofif at the edges, and an enormous pile of 
fragments being squeezed together into a mass. 

Many a good ship has been crumpled up like matchwood or lifted 
bodily on to the ice by such an icy embrace. In 1869 the a 

German exploring vessel, was so damaged by the pressure of the ice 
on the east coast of Greenland that she sank. The crew with their boats 
and provisions established themselves on an ice-floe about two miles in 
diameter. For 200 days they resided on this drifting mass surromided by 
other floes, and were carried southwards during the summer by the currents 
for a distance of 1300 miles. At this time the floe had diminished greatly 
in size, but fortimately an opportimity of escape to the coast then presented 
itself. 

204. The Ice-foot. — There is still another form of sea ice. This is 
formed by the sea freezing along the margin of the land, so that a layer lifted 
up by the tide becomes frozen to the snore. Such a shelf of ice formed 
along a shore, as on the edge of North Greenland and other islands, is 
called the icefoot (Fig. i 77 )- The ice formed by the freezing of the Arctic 
se^ seldom exceeds seven or eight feet in thickness, but on the coast it 
rises in long rugged ridges to a height of 30 ot 40 feet. This shore 
ice not only carries loose d^dris attached underneath, but often receives a 
mass of stones and rubbish from the overhanging cliffs. Much of this ice- 
foot may remain attached to the shores for years, but during the warmth of 
summer the loose bergs and floes driving against it sometimes detach large 
masses, which float away with their load of materials. These are either 
carried until the ice melts and deposits its cargo of blocks and rubbish, or 
the floating raft of ice from the ice-belt becomes caught again in the ice of 
the succeeding -winter. 

205. Pxozen Sea* Water contains very little Salt.— During the process 
of freezing the sea water throws out nearly all the salts it contains, so that 
the ice when thawed furnishes fresh water which can be drunk. 

Weyprecht observes, When the growth of ice is carried on quickly in 
tira^ of intense cold a great nmnber of crystals are formed, whose salt 
particles are not only dravm do-wnwards in the water, but scattered round 
on all sides. In consequence of this the original melted ice consists of 
crystals loosely adhering together, and mixed with the solution of salt 
which has been rejected from them all. As the ice grows harder by the 
freezing together of the separate ice- crystals, this solution also ffeezes with 
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them in its upper strata* When tlie latter has attained a certain degree of 
thickness the further formation of the lower strata progresses only very 
slowly. The addition of fresh ice- crystals from below goes on regularly, but 
in their formadon the salt is almost all carried dovm wards into the sea,” 
206. Icebergs. — But besides the various forms of marine ice just de- 
scribed, there are found in the Arctic seas huge masses of ice called ice- 
bergs. These have been derived from the surface of the land Jn the 
Arctic regions, and, having been pushed down to the sea, have floated 
away. Nearly the whole surface of Greenland is covered with an ice- 
sheet which advances towards the sea, the rate of motion of the Greenland 
glaciers being much greater than that of Alpine glaciers, nearly 100 feet 
a day in summer and 30 to 35 feet a day in winter. Here immense 
fragments are broken off and carried by the waves and currents towards 
the south. The ice breaks off from one of these Arctic glaciers either 



Fig. 177. — Ice-fcwt. 


by being pushed along the bottom of the sea till it reaches such a depth 
that, bemg lighter than water, it is broken away by the upward pressure 
of the water, or by coming at once into deep water, when the mass is 
snapped off by its own weight. Fig. 179 explains the origin of icebergs by 
the extension of a polar glacier seaward. 

Some of the largest iceberg are found in Davis Straits, and are often 
of enormous size. They carry ooulders and smaller pieces of rock derived 
from the land over which they have passed, and floating southwards they 
often reach ns far as the coast of Newfoimdland. Here they melt away 
pd deposit their load of stony rubbish on tlie bottom of the sea. At times 
icebergs from the west coast of Greenland have been known to reach 
latitude 36° N. before they were melted, but owing to the warm waters of 
the Gulf Stream the bergs from the east coast of Greenland do not reach 
nearly so far south. It must be noticed that an ice-floe, being a mass of 
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marine formation, bears no transported blocks, as icebergs do, except it be 
derived from the ice-foot. These floating mountains of ice drifted by 
polar currents constitute a source of great clanger to the steamers approach- 
mg the Arnerican shores from England. Owing to the coldness of the air 



Fig. 178.— a scene in the Arctic regions, showing a floating iceberg. 
(By permission of Messrs. Bame & Co.) 


produced by so great a mass of ice, the vapour in this air is often condensed 
into a fog, so that the berg is only visible at a short distance. 

Not only do icebergs scatter boulders and gravel over tlie floor of the 
sea, but they often ground in shallow water, furrowing and grinding up the 
sea bed. In this way large masses of seaweed may be loosendh and sent 
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floating away. The large number of grounded bergs on the coast of 
Labrador gives rise to almost continuous chill fogs during the summer. 
The visible portion of a berg is only a fraction of what is below water. 
The specific gravity of ice is about ‘92, and the specific gravity of sea water 
nearly 1*03. The ice being thus lighter than water floats, but being only 
a little lighter the greater portion is submerged, only about one-ninth of 
the bulk being above water. As, however, the ice often encloses bubbles 
of air, a greater fraction than this may often be allowed. The actual 
height above and depth below water depend to some extent on the shape of 
the berg. The Arctic bergs are of all sizes, and often of the most fantastic 
shapes. Dr. Hayes measured one which stood 315 feet out of water, and 
was over three-quarters of a mile in length. Assuming that only one- 
seventh was above the water, such a berg would have gone aground at a 
depth of about half a mile. Being continually acted on by the waves and 



Fig. 179. — Diagram section of an Arctic glacier giving ofF icebcrgr,. 


the warmth, the floating bergs often fall to pieces, or, becoming lop-heav}’, 
fall over, causing great tiumoil in the sea. 

207. Antarotio Ooean. — The Antarctic Ocean includes the great body 
of water within the Antarctic Circle, and is a continuation to the south of 
the Atlantic, Pacific, and Indian Oceans. Compared with the district round 
the north pole, the south polar regions are but little knoum. This is partly 
owing to the great severity of the climate, for its temperature is generally 
lower than that of the corresponding latitudes of Arctic regions. South 
of 62 S. lat. the temperature of both air and Tvater is almost constantly 
below freezing-point even in summer. The greatest known tract of land 
is the line of coast stretching between the parallels of 70^ and 78° S., and 
lying between the meridians of 160° and 167° E. long. It was called 
Victoria Land in 1841 by its discoverer, Sir James Ross. Ross succeeded 
in reachiijg the highest latitude yet attained in the southern seas, 78° lo' S. 
His progress was then stopped by an icy barrier nearly 200 feet high, 
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along "whicli he sailed for 300 miles. On this land a mountain chain was 
seen, in which an active volcano, 12,000 feet high, was observed. To this 
volcano the name “Erebus” was given, after one of the ships ; while an 
extinct volcano to the east of this was called “Terror,” after the second 
ship. Another explorer, named Wilkes, discovered land in 1839 between 
the parallels of 65® and 67° S., and extending from the looth to the i6oth 
mendian of east longitude. Other portions have been sighted by various 
navigators. 

Since Ross’s time, other navigators have explored the Antarctic regions. 
The latest results have been obtained by Captain Scott. He sailed from 
England in the Discovery in 1901, and spent two years in these regions, 
his vessel being frozen up two winters in a bay behind Erebus and Terror, 
which were found to be on an island. Eastward of the ice barrier a new 
land was discovered, to which the name King Edward Land was given. In 
a sledge journey southward it was found that the coast of Victoria Land, 
bordered by lofty mountains, runs south for at least 500 miles. Over the 
ice barrier bordering this coast the travellers passed 900 miles, and succeeded 
in reaching the greatest southern latitude yet attained, 82° 16 m. S., a 
latitude found to be at the south of the south magnetic pole. After ascending 
a glacier, Victoria Land was found to consist of a high plateau from which 
the travellers sighted two high peaks on this land. These they gave the 
names Mount Markham and Mount Longstaff. On this high southern 
plateau a temperature of minus 70 degrees was registered, when the thenno- 
meter broke. The great Ice Barrier, in parts 150 to 250 feet high, nins 
south and east from Erebus Island, and it was found to be a floating ice- 
field of enormous area — not the edge of a great glacier, as was fonnerly 
thought. It appears to have diminished since Ross visited it, as Captain 
Scott found it to be 20 to 30 miles south. 

Captain Scott considers that there is a vast land area of irregular form 
round the south pole. The fuller results of this remarkable voyage are 
set forth in his book entitled “ The Voyage of the Discovery y 

20S. Antarctic loehergs. — Most of the icebergs met with in the south 
polar region ar-e tabular flat-iof>ped beijs, and are probably derived from 
the icy barrier already 'mentioned. They are often bounded by almost 
perpendicular sides, showin|[ one or two stories of upright cliffs with 
crevasses, and having little hillocks of drifted snow on their flat tops . The 
entire mass sho-ws a weU-marked stratification, being composed of alternate 
layers of white opaque-looking, and blue more compact and transparent 
ice. The general mass is described as haHng the appearance of loaf sugar, 
with a slight bluish tint, excepting where fresh snow resting on the top and 
ledges is absolutely white. 

The colouring of the crevasses, caves, and hollows is said to be a pure 
azure blue, so that these southern bergs are magnificent sights. The 
Antarctic bergs also differ from those given off by Arctic glaciers in seldom 
bearing any v^ible rocks, stones, or dirt on their surface, though it is pro- 
bable that, in the lower parts of the bergs under water, gravel and other 
dibris may be present. They are also met with several degrees nearer the 
equator than the north polar icebergs, being carried by the flow called the 
Antarctic Drift Current. Generally speaking, the limits are 35° S. lat. and 
40° N. lat- (See Map X.). 
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EVAPOI^ATION- AND C0NDENSA770N--DEIV, MIST, FOG, 
RAIN, AND SNOIV. 

209. Evaporation is the process by which a liquid is changed 
into a state of vapour, and this is one of the most important 
effects of heat During the process a considerable quantity of 
sensible heat passes into the latent or insensible state (par. 79), 
and hence evaporation has a cooling effect on the body from 
which the vapour rises, and the cooling is greater in proportion 
as the evaporation is more rapid. This heat makes its appear- 
ance again when the vapour is condensed or re-converted into a 
[iquid. Water evaporates at all temperatures, though most 
rapidly during the process of boiling or ebullition (par. 77), But 
sven snow and ice give off vapour from their surface. A piece 
Df ice placed in the balance-pan of the scales and carefully 
weighed will be found to diminish in weight slowly, though the 
rir may be below freezing pointy Whatever, therefore, may be 
:he temperature of the air, it is almost constantly receiving 
iqueous vapour from the surface of the water and moist ground. 
Phis evaporation is due to the heat of the sun, and is therefore 
Host active in the..^ equatorial regions of the earth, where the 
sun's rays are most powerful. This vapour rises in an invisible 
form and diffuses itself through the atmosphere. It really exists 
in the spaces between the air-particles, though it is convenient 
:o speak of it as contained in the air. A ceitain quantity of air, 
;ay a cubic foot, is only capable of receiving a certain quantity 
)f vapour at a certain temperature and pressure. If we increase 
he temperature or diminish the pressure, the air becomes 
capable* of holding more vapour. At the freezing-point air 
.s only capable of holding about one-tenth the quantity it holds 
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at 60° F., the temperature of an ordinary summer day, while 
air at 80° F. has nearly twice the capacity for vapour that air at 
60*^ F. has. When air contains all the vapour that it is capable 
of containing at a certain temperature it is said to be saturated. 
As soon as the air which is saturated with vapour has its 
temperature lowered, some of the vapour is condensed and 
passes into the liquid form ; or if tlie temperature be lowered 
below freezing-point, it will become solid. 

210. Condensation, then, is the process by which a vapour 
or gas is converted into the liquid or solid fonn, and this 
process is brought about either by the application of cold or an 
increase of pressure. Distillation is the process of evaporation 
and subsequent condensation into falling drops, and is often 
employed by the chemist to free water from the impurities dis- 
solved in it (see par. 6). It must be borne in mind that all 
distilled water, whether it be obtained by the rapid process of 
the chemist or by the slow process going on in nature, is pure 
water, the dissolved matter being all left behind. The con- 
densation of the vapour of the air is nearly always the result of 
a diminution in temperature, in consequence of which the 
capacity of the air for water-vapour is lessened, and a portion 
of it is therefore thrown down. Thus, if air at 80° be saturated, 
and its temperature be then reduced to 60°, about one-half its 
vapour would be condensed during this reduction of tempera- 
ture. The quantity of vapour in the air varies greatly with the 
seasons, the climate, the height above the sea, and various local 
causes. It is hardly ever completely saturated, nor ever entirely 
dry, and is constantly varying. The rate of evaporation is 
influenced by several circumstances. The larger the surface of 
a given quantity of water, the more rapidly does it evaporate, for, 
except the liquid be boiling, the evaporation takes place at th6 
surface. Heat also increases the process, as it is well known 
that holding a towel before the fire dries it more quickly than 
leaHng it exposed on a line. Wind also increases the rapidity 
of evaporation by bringing fresh layers of non-saturated air in 
contact with the wet smface. The hygrometric (Gr. hugros, 
moist) state of the air has also to be considered, for if tjie air be 
already nearly saturated, it takes up additional moisture very 
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slowly \ while, if it is nearly dry, it takes up the moisture quickly. 
There is usually more aqueous vapour in the air in summer than 
in winter, for then the air is warmer and is capable of holding 
more vapour, though it may not feel so damp. As already 
mentioned, this aqueous vapour is chiefly found in the lower 
atmospheric strata, and diminishes so rapidly that at a height 
of five or six miles it is scarcely appreciable. The amount of 
aqueous vapour, or, more exactly, the relative humidity of the 
atmosphere, is ascertained by means of the hygrometer, already 
explained. The important part played by this aqueous vapour 
in allowing the rays from a highly heated source like the sun to 
pass through it freely, and in obstructing the heat-rays from a 
body of much lower temperature like the sun-warmed earth, has 
been already mentioned, 

211. Dew. — One of tbe forms in which the atmosphere restores part of 
its vapour to the earth is dew. Dew is moisture deposited as small drops 
from the atmosphere without the formation of any visible cloud. Towards 
sunset the heat received by tlie earth from tbe sun becomes less than the 
heat radiated from its surface. If the sky be clear, this heat radiated from 
the earth passes into space and the ground becomes cool, and bodies near 
its surface are thus chilled. The layer of air in contact with these bodies 
also becomes chilled, and at last descends to a degree of temperature at 
which it is saturated by the aqueous vapour it contains. A further slight 
reduction causes the air to deposit a portion of the aqueous vapour it con- 
tains on the surfaces of the bodies previously cooled by radiation. The 
temperature at which dew begins to be formed is called the de^v-point. It 
P’aries with the degree of humidity of the atmosphere. One night it might 
3e 41° F,, and next night it might be 50° though the temperature of tlie 
dr on both nights might be about the same. The nearer, however, the 
dr is to the point of satui’ation the sooner will the dew-point be reached. 
iVhen the dew-point is below 32® the moisture deposited passes at once 
nto the solid state, and is known as hoar-fi-osi or rime. 

Dr. Wells’s theory of the formation of dew just explained is quite 
:orrect ; but it has been proved that the vapour, which is condensed, rises 
aoinly from the ground instead of falling from the air above. Mr. J. 
utken carried out a number of experiments showing that the greater part 
f true dew is formed from the vapour that rises from the heated ground 
nd has been trapped by ^rass and other cold objects. One experiment 
^hich establishes this consists in removing at sunset a portion of the turf 
'om the ground and weighing it in a metal pan. The turf is then left in 
le pan and replaced so as to be in good heat-communication with the 
round. ^ After the lapse of some time the turf is again weighed, w'hen its 
eight is found to be sensibly diminished. By covering the turf thus 
;moved and replaced with a thin sheet of metal, the loss of weight is 
rgely prevented. Similar experiments proved tliat from bare sod and 
ry earth moisture always rises during the night. Moreover, the drops 
:en on gra^ and leaves are not dew at all, but moisture exuded from the 

S 
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living plant. These drops are only found at the extremities of leof-veinSj 

at the points where tne veins of the leaves cut the outer edges. The 
true dew is distributed all over the blade as a moist film. The atmospheric 
conditions necessary to the copious formation of dew are set forth in the 
latter part of this paragraph. 

Lord Kelvin holds that the protective action exerted at night on vege- 
tation by the aqueous vapour of the atmosphere is due, not so much to its 
power of absorbing the heat radiated from the earth’s surface, as Tjmdall 
teaches, as to its great heat-capacity. Blades of grass and the finer parts 
of plants would radiate away their heat below zero-.point, were it not that 
on still nights they are protected by the latent heat of the vapour deposited 
on them as dew. Their temperatures can never fall below the dew-point 
of the air touchhig them. On windy nights plants obtain heat to com- 
pensate for radiation from the air moving about among them ; and on 
cloudy nights radiation is checked by the temperature of the clouds being 
near the dew-point of the lower air. “Thus, either clouds, by their 
counter-radiation, or wind by mixing a comparatively thick stratum of air 
with that next the earth, keep the grass and delicate parts of other plants 
from sinkii^ to the dew-point. When there is not enough of clouds and 
wind to afford this degree of protection, dew begins to form, and, by 
preventing the temperature of any leaf or flower from sinking below the 
dew-point, saves them all from destruction, unless, as when hoar-frost 
appears, the dew'-point itself is below the freezing point.” 

Various circumstances influence the production of dew. It is never 
abundant except during clear and calm nights. If the night be cloudy, the 
clouds reflect and radiate back the heat given off from the surface of the 
ground, so that the surface of the earth does not become sufficiently chilled. 
If the night is windy, the air near the surface is constandy being renewed, 
and is thus prevented from being reduced to the dew-point; though a 
slight wind is rather favourable than otherwise, because it gradually brings 
into contact with the cool surfaces fresh layers of air. Upon metalhc 
substances, wliich are bad radiators, and on the hard beaten road, which 
quickly conducts heat from the strata beneath, litde or no dew is deposited ; 
while on blades of grass, twigs, leaves, wool, hair, and other such objects, 
which quickly lose the heat from their surfaces, owing to being good radiators 
and bad conductors, a copious deposit of dew forms. But anything that 
checks the radiation, as a screen above or beside the object, prevents the 
formation of dew. It is also evident that the deposit of dew will be greater 
according as the air is more nearly saturated with vapour, for then the dew- 
point is sooner reached. Finally, dew is usually more abundant in spring 
and autumn, as the differences of temperature between day and night are 
greater than at other seasons, and the dew-point temperature is therefore 
more quickly and more certainly reached. 

212. Fogs and Mist. — It sometimes happens that the aqueous vapour 
throughout a large space of the atmosphere near the surface of the earth be- 
comes condensed into minute particles of water, that remain suspended in 
the air. These visible particles form a kind of cloud near the surface, called 
fog or mist. A fog may arise when a current of warm and moist air comes 
into contact with water at a lower temperature, or by the intermixture of 
two masses of air, -one of which has a lower temperature than the other. 
Thus a warm' moist current of air passing over an iceberg may have some of 
its vapour precipitated as fog. ITie frequent fogs on the banks of Newfound- 
land are caused by the warm damp air that has passed over the Gulf Stream 
coming in contact with the cold air over the Arctic current thjft flows down 
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though Davis Strait. Fogs are also often seen in low grassy bottoms or 
river valleys in the morningj but these are usually dispersed during the day 
as soon as the heat of the sun rendei*s the air capable of takhig up the 
moisture that has thus been condensed out of it. A mist is very similar to 
a fogj but the particles of moisture of which it consists are rather larg-er 
than those of a fog. ® 

Mr. J. Aitken has shown that the condensation of the aqueous vapour 
of the air, either as fog, mist, or cloud, nearly always takes place around 
me dust-particles, or otlier solid nucleus, floating m the air. Ordinary 
dry mr has been shown to contain more than two millions of minute dust- 
particles in every cubic foot. 

213. Clouds.— Clouds are merely fog or mist fomied in the higher 
strata of the air, where, as we have seen, the temperature is lower than 



Fig. 180. — Varieties of clouds. 


near the surface of the earth. Mist or fog is a cloud neat the earth’s 
surface ; clouds are mists at a considerable height. As the warm moist 
air expands, it ascends and rises into colder regions, while the very act of 
expansion also lowers its temperature. The height at which the clouds 
float in the atmosphere varies much, the average height probably being 
between one and two miles. The thin light clouds are seen at the greatest 
heights, while thick dense clouds that are heavier only exist at a small 
distance above the earth. Clouds ai*e not always composed of water 
particles, for the light fleecy clouds that float in the higher and colder 
regions ore composed of small ice needles. This is certainly the state, as 
the intense cold at such great heights, from six to ten miles, is so great 
that water could not exist there in the liquid state. Besides, the icy 
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Dndition of such clouds is also proved by^ the mode m which light is 
ifracted in passing through them. The continually changing appearanc^ 
f clouds are brought about by their movement, for they are continually 
escending into wanner or drier tracts of air, in which their moisture is 
ften again dissolved. 

Mr. Luke Howard has divided clouds into four chief varieties— the 
imbits, tlie stratus, the cumulus, and the cirrus. These four kinds are 
hown in Fig. i 8 o, and are indicated respectively by one, two, three, and 
Dur birds on the wing. , . . , . . 

The Cirrus (Lat. cirrus, a curl) is a whitish streaky cloud, having a 
eathery or fibrous appearance. These clouds are often called mares' tails, 
rom their shape. They only exist at great heights, ^d it is th^e clouds 
s^hich are believed to consist of ice particles. A cirrus cloud is often a 
ign of wind or a change of weather. 

The Cumulus (Lat. cumulus, 'a heap) is a rounded or hemisphencal 
:loud, often rising from a horizontal base. Hence it is sometimes called 
he woolpack cloud. The cumulus is the cloud of day, especially in summer, 
ind is produced by an ascending current of warm air, the vapour of which 
s quickly condensed. Towards evening these clouds often lessen or entirely 
vanish. If, however, they become more numerous, especially with cirrus 
douds above, a storm of rain may be looked for. 

The Stratus (Lat. stratum, a covering or layer) is a widely extended 
continuous horizontal sheet, increasing from below upwards. ^ It is generally 
i fine-weather cloud, and appears low down in the evenings and early 
nomings of the brightest days. It is indicated in the figure by two birds. 

The Nimbus (Lat. nimbus, a dark rain-cloud) is a rmn-cloud having 
10 particular form, but usually of a dark uniform grey tint with fring^ 
^ges. It is the cloud into which the others resolve themselves when rain 
"alls, and is therefore sometimes called cumulo-cirro-stratus. Other forms 
ixist that are brought about by a combination of some of the preceding. 
One of these, called cirro-cumulus, is a high cloud consisting of small 
irregularly placed rounded masses, like a flock of sheep lying down, or 
like the markings on a mackerel, from which we get the name “mackerel 
sky.” 

214. Rain. — Of all the forms in which the water derived 
from the earth by the process of evaporation is restored again 
to its surface, rain is the most important. It is produced by 
the continuous condensation of the water vapour of the air, so 
that the minute particles that form clouds unite to form drops, 
which fall to the earth through the action of gravity. At great 
heights the raindrops are very small, but as they fall they 
generally increase in size, either by several joining together or 
by condensing on their cool 'surface the aqueous vapour of the 
strata of air through which they fall. This explains why the 
drops that fall from a thick mist are so small, the mist being 
nearer the surface of the earth. Occasionally, however, drops 
falling through warm dry air may become less in siz^ or even 
be completely evaporated before reaching the earth. 
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Fig. 181. — Rain-gauge and measuring glaaa. 


215, Tie Hain-gaege. — It is important to ascertain the amouni of 
infall that occurs at any place. This should be done every day at a fixed 
ne, and the daily amounts in a certain year when added together will 
ve us the annual rainfall for that year. By taking the annual amounts 
r a number of years, and dividing 
^ that number, an average annual 
infall for any given place may be 
certained. The instrument used 
measure the rainfall is called 
Rain-gauge. A standard rain- 
uge consists of a funnel emptying 
to a can, funnel and can being 
aced inside a circular copper 
ssel as shown in Fig. 1 81. The 
ameter of the funnel is 8 inches, 
that the area of its collecting 
rface is 50'26 sq^uare inches, 
re inch of rainfall, rain one 
:h deep, would therefore de- 
►sit in this rain-gauge 50 '26 cub. 
ches of rain ; half an inch of 
infall would deposit 25*13 cub. 
ches of rain. Now 25*13 cub. 

:hes =14! fluid 02s. If, then, 

J fluid ozs. be poured into a 
jasuring glass of uniform dia- 
iter, a bne at tliis level will represent half an inch of rain. On dividing 
3 vessel below the line into 50 equal parts, each of these *\vill represent 
th inch of rainfall. 

By emptying the can into the measuring glass graduated as above at a 
rtain time {9 a.m) each day, the amount of rainfall for one day can be 
tained. Of course on very wet days the can might need emptying more 
in once, though a rainfall of o'oi is considered a rainy day in Britain. 

To avoid errors in estimating rainfall the rain-gauge should be placed 
an exposed situation about one foot above the ground, its rim should be 
pt horizontal, and measurements should be made at least daily at a fixed 
le. Were more time to elapse between each measurement, the loss by 
iporation would lower the quantity. 

216. Distribution of Eain.— On the accompanying map an attempt^ is 
tde by means of shading to indicate the average annual amount of rain- 
1 on the various portions of the earth’s surface, but it is not possible to 
licale this accurately for all places, as our knowledge is not sufficiently 
mplete. Still such a map is useful, and for all places where observations 
i regularly made it may be regarded as tolerably correct. Various cir- 
mstances affect the quantity of rain which falls in different countries. In 
cases it is produced by the cooling of air more or less charged with 
iieous vapour ; and Mr. R. H. Scott giv^ us the three chief caus^— “ (i) 
le ascent of a current of damp air which is chilled by expansion as it 
ss. (2) The contact of damp and warm air with the cooler surface of the 
jund, as in the case of our west coasts in winter, where the land is colder 
in the sea surface. (3) The mixture of masses of hot and cold air.” 

The first cause comes, into operation at and near the equator. There the 

^*The area of a circle = 2 n times the squate of the radius. 
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temperature is high ; and as the capadtjf of air for moisture greatly increases 
as the temperature increases, the rising and expanding air in tropical 
regions is chilled as it ascends, and we have a region of almost constant 
and heavy rain, often accompanied by violent thunderstorms. Speaking 
generally, the annual rainfall decreases from the equator to the poles. At 
bt. Domingo it is 107*6 inches, at Havannoh it is 91*2 inches j at Madeira, 
27*7 ; at Bordeaux, 25-8 ; and at London, 23*5. 

The second cause of rain is that to which the wet western coasts of 
Europe are mainly due. In Ireland, for example, the annual rainfall on 
the west co^t is 45 inches ; and on the west coast of Britain it is about 37 
inches ; while the rainfall on the east side is only about 24. But both the 
first and second causes contribute to this result on our west coasts ; 
for though the south-westerly winds that come across the Atlantic are 
charged with water vapour, some of which is condensed in the lower layers 
by the colder sea-coast as they pass inland, yet it must be also noted that 
this coast is mountainous j and as the air is forced to ascend the sides of 



Fig, 182. — Condensatiou of moisture in air-current ascending a mountain. 


the mountains it becomes rarefied and chilled, so that tlie higher layers of 
air have their moisture condensed on the seaward slopes, of our western 
hills. Hence we find tliat, as a general rule, rain is more abundant on the 
s^-coasts than in inland regions, and more abundant in mountainous dis- 
tricts thjm in the lowland regions. The wettest place in England is at 
Seathwaite, near the head of Borrowdale, in Cmnberland. For six years 
it has had an average annual rainfall of 154 inches. Lincoln is the driest 
place, having a mean annual rainfall of only 20 inches. Bergen, on the 
w^t coast of Norway, has a mean annual rainfall of over 80 inches. In 
this country the rainfall seldom exceeds an inch in a day, though occasion- 
ally it has amounted to four inches. In tropical countries, however, it is 
sometimes from 30 to 40 inches a day. 
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217. Eainy Seasons. — In some parts of the world the .rain only falls 
during certain parts of the year, and these are spoken of as the ramy seasons . 
Between the tropics ' tlie rains are periodical, being most abundant when 
the sun is vertical. When this happens close to midsummer, as it does 
near the tropics, there is only one rainy season ; but when several weeks 
intervene between the times when the sun is directly overhead, as near the 
equator, there are two rainy seasons. In the districts where the monsoons 
prevail the rainy season depends on these winds. Thus in India and 
China, when the north-east monSoon is blowing from October to April, 
the east coasts receive the supply of rain ; but most of the rain of India 
and the western coasts generally is chiefly brought by the south-west 
monsoons that blow from April to September. Outside the tropics, in higher 
latitudes, where the winds are variable, rain may occur at all seasons. 

218. itegions of Great Hainfall and Extreme Dryness. —The regions 
of greatest rainfall are (i) parts of the equatorial regions of calms already 
described, and (2) certain districts where moisture-laden winds meet ranges 
of mountains and are forced to ascend. At Cherrapoongee, on the Khasia 
Hills, in Assam, at an elevation of more than 4CX)0 feet above the sea, the 
annual rainfall is said to be 560 inches. This is due to the condensation 
of the vapour brought by the winds called the south-west monsoons from 
over the Indian Ocean. These winds on rising to this height are cooled 
below their dew-point, and their great moisture is thus precipitated. On 
the Western Ghauts, near Bombay, there is also an annual rainfall of 260 
inches, due to tlie same cause. At Valdivia, in vSouthern Chili, there is a 
heavy rainfjril, n6 inches, brought by the westerly winds which there 
prevail ; while on the same side of the Andes near the equator, where the 
soutli-east trade- vdnds continually blow, there is a rainless district in Peru. 
As these winds blow across the continent all their water vapour is deposited, 
and flows back again by rivers into the Atlantic, the lost traces being 
extracted by the^ eastern sides of the lofty Andes that guard the western 
coast. Other rainless districts are the great tract of land stretching east- 
ward from the Sahara through Egypt and Arabia to the Persian Desert, 
the Desert of Gobi, the Great Salt Lake r^on in the United States, and 
a part of the Kalahari Desert in South Africa. All these places are rain- 
less because the winds have been deprived of their vapour during their 
p^age over sheltering high ground, and descend on the lee side as hot, dry 
winds. Thus the Desert of Gobi is shut off by the lofty Himalayas from 
receiving ^y of the moisture so abundantly brought to the southern slopes 
of these hills, and the north-east winds from the plain of Siberia are too 
cold to allow of any being brought by them. Even in the open ocean, in 
the distncts exposed to the indraught of the trade-winds, which come from a 
colder to a warmer region, little or no rain falls. It may also be mentioned 
that rain is usually more abundant where vegetation is plentiful, the air being 
chilled by the leaves of trees and other plants. In some cases a region has 
been rendered dry and even barren by an unwise clearing of the forests. 


The tropics (Gr. irope^ a turning) are two circles drawn round the 
earth parallel to the equator, at a distance of 23 J degrees on each side of it. 
The southern tropic, called the Tropic of Capricorn, has the sun vertically 
overhead on December 21. He then moves northward, and the sun is 
vertical at the northern ^tropic, called' the Tropic of Cancer, on June 2U 
At all places between tlie tropics, that is, in the tropical or torrid zone, the 
sun is vertical twice during the year, but at places beyond tbG tropics the 
sun IS never vertical. (See chapter on the Movements of the Earth.) 
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219. Snow. — We have seen how,, through the condensation produced 
by cold, the aqueous vapour of the atmosphere may be made to change its 
invisible gaseous form, and become the minute liquid particles of which 
fogs and mist consist, and how these particles may unite to form the drops 
which fall as rain. If, however, the air in which a cloud is formed is 
below freezing-point, the tiny water -particles are frozen into crystals of ice 
of a regular geometrical form, being either hexagonal plates or six-rayed 
feathery stars. Snow consists of aqueous vapour solidified into icy particles, 
which cohere in regular symmetrical forms, ha\dng usually six rays or six 
sides, A number of such crystals usually cling together and fall as snow- 
flakes. They may be examined by letting them fall on the sleeve of a dark 
coat, and viewing them through a magnifying lens. Many varieties of 
these snow crystals have been observed, some of which are shown in the 
annexed figure. They are all formed so that the angles made by the rays 
bear a close relation to those of a regular hexagon, viz. 60°, Their white 
appearance is due partly to enclosed air particles, and partly to the reflec- 



Fig. 183.— Snow-ciystals. 

tion of light at their numerous surfaces. Examined by a lens, each little 
crystal is seen to consist of transparent ice. 

Snow does not fall in all parts of the earth at the sea level. It is never 
seen, for example, between tne tropics ; for even if it wCre formed in the 
higher regions of the atmosphere, it would melt as it passed through the 
warmer strata near the sea level. A line showing the limit of snowfall at 
the level of the sea is traced on the map showing the distribution of rain, 
and from this we see that it seldom reaches the limit of 15^ from the tropics, 
and that the limit is more remote from the equator in the Southern than in 
the Northern Hemisphere. 

220. Snow-line. — But although the snow does not fall at the 
sea level in all parts of the world, yet it is found, owing to the 
diminution of temperature with increasing height, at certain 
elevatiotis in all parts. The high peaks of the Andes near the 
equator stretch so far into the upper and colder regions of the 
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air, that they are perpetually covered with a snowy mantle. 
The snow-line^ or limit of perpetual snoWy is that lire below 
which the solar heat of summer is sufficient to melt all ihe 
S710W that fallsy hut above which more s?iow falls than the heat 
of the sunwier can 7nelt, This line takes the form of a curve, 
which starts at a height of about 16,000 feet at the equator, and 
gradually descends to the sea level near the poles. Thus at 
Quito, near the equator, the limit is 15,800 feet; on the high 
peaks of Mexico, 14,800 feet; in Spain, 11,200 feet; on the 
Alps, between 8000 and 9000 feet ; on Dovre Fjeld Mountains 
in Norway, 4000 feet; at the North Cape, only a little above 
2000 feet ; and at Spitzbergen, near the level of the sea. The 
highest mountain in Britain, Ben Nevis, 4400 feet, is a little 
below the snow-line, though snow may remain through some of 
the summers in sheltered hollows. But the height of the snow- 
line does not depend entirely on latitude. It varies with the 
character of the prevailing winds, with the greater or less dry- 
ness of the air, and with the volume of snow that falls during 
the year. It is lower, for instance, on the moister and warmer 
south slope of the Himalayas than on the far colder but drier 
north slope of these mountains. It is 16000 feet on the south 
slope, and 20,000 feet on the north slope. On the northern 
side of the Alps it is about 8000 feet ; but on the southern 
side, which receives more sun and warmer winds, it is 8800 
feet. 

The snow which falls below the snow-line dissolves, and soon adds to 
the water supply of a country ; but that which falls above the line produces 
icecaps, n6ve, and glaciers, which \vill shortly be described. Sleet is a 
mixture of melting snow and rain. Hail consists of bard pellets of ice 
which fall tlirough the atmosphere in showers. These pellets are some- 
times simple rounded masses ; sometimes they are of an irregular shape, 
and formed of concentric layers of ice round a core. How they are pro- 
duced is not definitely known. , Hailstones vary in size from a small pea to 
a hen’s egg. In our climate they fall principally in spring and summer 
and often precede a storm. 

221. From what has been said it will be seen that there is a continual 
circulation of the water of the globe. By the agency of the sun’s heat 
immense quantities of water are continually being token up into the atmo- 
sphere in the state of vapour. For a time this remains invisible, but by 
condensation it is at last brought into a visible condition as cloud or mist, 
and the • clouds by further condensation discharge their contents chiefly as 
rain. It has been calculated that in our country about one-thiCd of the 
rain, that falls on the land is at once evaporated again, another third is 
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bsorbed by the rocks, and after a longer or shorter course beneath the 
luface for variable lengths of time this portion again comes to light in 
Dring. The other third flows off at once into the rivers, where, indeSi, the 
pring water also ultimately goes. Rivers pour their contents into the sea, 
nd from the surface of both rivers and sea evaporation takes place, and the 
rater sets off on another round. Professor Dove compared the atmosphere 
3 a vast still, of which the sun is the fire and the sea the boiler. The cool 
ir of the higher parts of the atmosphere and of the colder zones acts the 
art of a condenser, and on a wet day the liquid distils over as rain. The 
irious causes that detennine the amount of rainfall in different parts of 
le globe have been already explained in the previous paragraphs of this 
lapter. The general results ascertained may be put in the following 
)rin : — 

(i) The average amount of rainfall is greatest near the equator, and 
ecreases as we pass from the tropics to the poles. 

{2) The average rainfall decreases as we pass from the coast lines 
rat meet moist winds into the interior of the land, 

(3) Rainfall increases with elevation above the sea-level. 

The two first conclusions have been sufficiently illustrated. As an 
lustration of tlie third result, it may be mentioned that the rainfall on the 
ummit of Snowdon has been found to be more than twice that at the 
DOt, and the annual rainfall on the summit of Ben Nevis is 150 inches, 
ompared with 50 inches at its foot. 



CHAPTER XX. 


THE SCULPTURE OF THE LAND. 

Action of Air ^ Rain^ Springs., Rivers, and Glaciers ofi the 
Earilis Crust. 

22 2. The rocks described in a previous chapter are constantly 
being worn away by various destructive agents acting upon 
them, and the present outline of the earth’s surface is not that 
which has always been, nor is it that which will continue. We 
have already pointed out how the sea is continually at work 
wearing back the rocks of the coast, and reducing the material 
broken off to a finer and finer state, and how this is carried out 
to some distance beyond the lowest tides. , Here its work of 
destruction ceases, for the depths of the ocean are not disturbed 
by the movements of the waves oh the surface. But other 
agents besides the sea are at work on all the exposed parts of 
the land surface, and it is of these agents that we shall now 
briefly speak. The general process by which the surfaces of 
rocks are broken asunder and the loosened material carried 
away so as to expose the parts previously covered is called 
dmtidatiofi (Lat. denudo, I lay bare). Erosion (Lat. rodo, I 
gnaw) and disintegration are other words applied to the break- 
ing up and crumbling of rocks, and the loose material arising 
from this waste is often spoken of as dkbris or detritus. Ddbris 
is a French word adopted into English, and means mins, or 
?rmains ; while detritus means literally matter mbbed off. 

223. Action of the Atmosphere. — This has already been referred to 
in speaking of the “weathering ” of rocks. The oxygen of tlie air Is ever 
entering into new combinations with those rock constituents for which it 
has an affinity, and in this it is assisted by the moisture of the air, which 
also contains the same element. By this union of the oxygen ^ith the dif- 
ferent bases of rocks, changes of colom', as well as a breaking up of the 



269 


Action of Rain. 


urface of the rocks, is often produced. Thus rocks 

oxide of iron (FeO) often have a greenish 5 i, X 

mites with more oxygen to form the sesquioxide colour to 

ntegrated,. and the new compound of iron gives a red vainunL^ heat 

he material formed. Another atmospheric influence i flniiPoroduceil 
it different times, the alternate expansions The action of 

.ending to loosen the particles on the surface of the roc ’ . > This 

he carbonic acid of the atmosphere has been already . -i*" 

lompound tends to form soluble combinations with the magn . . , ..rtMliiccs 
potash in the different varieties of felspar, and the niin^a ^ r _ 

the white clayey substance called kaolin (par. Ii8). The p , nfien 
containing Co/ in solution to dissolve calcareous rocks has been often 

referred to (see par. io6). , , r a . 

224. Action of Eain,— The action of ram on the rocks of the eaillis 



Fig. 184. — Earth pyramids in the Tyrol. 


crust is both chemical and mcckanical. In passing tlirongh the nir^ il dis- 
solves small quantities of oxygen and carbonic acid, and after reaching^ the 
ground it obtains a further supply of carbonic acid from decaying [inininl 
and vegetable matter. How this oxygen and carbonic acid assist in di''> 
integrating rocks has already been' described, and it is Ihi.s general ncli<»n 
of the gases contained in the air or dissolved in water, assisted by the lu^ut 
of the sun, and especially by frosty that is referred to under the \v<ird 
“weathering.” The loosened material on the surface of rocks proflnceil by 
this “weathering” is then carried away either by the mechanical action of 
the rain or wind, particularly from the exposed faces of cliffs and the sidcis 
of hills, dlie smaller materials are carried farthest, while the larger ]>i(‘C(‘S 
are left behind to undergo further disintegration. The softer parts of the 
rocks suffer most from this action of the weather and the mechanical force 
exerted bj rain, and thus are produced irregular surfaces, the more easily 
attacked portions giving rise to hollows and the harder to projecting pieces. 
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The natural division of the rocks into cubical masses by the joints or cracks 
greatly assists in this work of disintegration. 

Every one has noticed the small impressions made by the raindrops on 
the surface of sand and mud, and it has sometimes happened that these 
have been preserved in the rocks for thousands of years. But more striking 
eflfects of the power of rain are often seen in the natural arches and conical 
pillars of earth capped by a block of stone which are found in the Tyrol, 
the western States of America, and other districts. These have been pro- 
duced b^ the prolonged action of the rain. Imagine a valley or depression 
filled vnth loose earth or clay, through which blocks of stone are scattered 
at various depths. The pattering rain, assisted by the tiny streams that 
form, loosens the material and transports it to a lower level, but each block 
of stone protects the part it covers, so that at last when the surrounding 
portions are removed, a number of conical pyramids of earth remain as 
monuments of the extent of erosion that has been produced. 

225, Work of Eivera. — The land area from which a river and its tribu- 
taries collect their water is called its catchment basin ; the land which 
separates adjoining basins is called a water-partings and the slope down 
which the water runs is called a watershed. The source of a river is to be 
found in some little rill or spring on the slopes of a hill, and the water of 
which it consists has descended from the clouds in the form of rain or 
snow. This water gathers at first into tiny ri\Tilets, and these, as they 
descend, are joined by many others ; a rivulet is formed, which receives 
many tributaries, and thus there is produced a common stream, often of 
great size, which carries down a huge volume of water into the sea. Tliis 
may again be taken u^ into the air by the process of evaporation, may 
again form clouds, winch discharge their contents on the earth, and thiis 
the continual circulation of which we have previously spoken goes on. 1 

226. Valley-makiiig, — As an active agent in altering the surface of the 
earth a river effects erosion of its bed and banks, and transport of material 
in one part of its course, while in another part it deposits tliis material. In 
the upper part, where the fall or slope is steep, the river carries down sand 
and stones, the lighter and smaller particles being carried furthest. In 
times of flood the torrents of rushing water on a mountain slope tear up 
the rocks, hurling them down the stream, and making deep trenches on the 
mountain slopes. 

In some parts of the rocky beds of rushing streams the eddies produced 
in the water cause a number of stones and sand-grains to revolve, and these 
form smooth rounded cavities called pot-holes.. Pot-holes are often seen 
several feet deep. The fragments of rock . tom away by the rushing waters 
aid in breaking off other portions, and by conti nual rubbi ng an4 pushing 
a lQD^ ,.Jiatffc.4liei^r sharp comers broken to become rounded inlo 

sfflS oth pebb leal^ “ — --- - — 

i ne particles held in suspension in the water, and which settle down os . 
it becomes stiller, are called sediment ; and the more disturbed the water 
is, the larger are the particles forming the sediment. But besides acting 
as carriers of gediment, rivers also carry large amounts of matter dissolved 
from ^e rocks ovej; which the water has mn. Thus the waters of the Nile 
contain in solution 14 parts of mineral matter in 10,000, those of the Rhine 
17, and those of the Thames 40. 

Many of the great valleys of the world have been excavated by rivers. 
These river valleys are of various shapes, sometimes being deep and narrow, 
when .they are <illed gorges or rasoineSs but other times wid^and com- 
paratively shallow. Tlie action of the flowing water is greatly assisted by 
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the earth and stones carried along l^y the stream, the running stream itself 
having but little abrading power. These rub against the bottom and sides 
of the channel, and thus carry on the work of wearing away the bed and 
the sides of the stream. We can thus understand the following description 
of Professor Green : — “ Rivers are denuding tools, which tend to cut 
steep-sided trenches across a country ; and these trenches they are con- 



Fig. 185. — A cailon in the Colorado district. 


tinually deepening as long as tliey have sufficient fall.” That many 'river 
valleys have not this sharply defined appearance is due to the fact that the 
various other denuding agents mentioned above have been at work on the 
sides of stream wearing away the rocks and wddening the valleys, espe- 
cially where the banks are formed of soft rock. Tlie inclination of the 
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strata also assists in detemiining the shape of the valley. When we look at 
the river trenches formed in a district where rocks lie in horizontal beds, 
and where there is little or no rain to wear away the flanks of the river 
gorge, we see the above description of a river trench is true. Magnificent 
examples of such deep gorges worn by rivers, and called cahons, are seen 
in the course of the river Colorado and its tributaries. Here the main 
stream flows for about 300 miles through a chasm from 150 to 500 yards 
wide in most places, with a depth varying from 3000 to 6000 feet. On 
each side of this Great Cailon are numerous other .cahons, at the bottom of 
wliich tributary streams either now run, or once have run. These great 
chasms are the result of river erosion, and ha^ve been worn out of the high 
and arid tableland of this marvellous region. 

That these mighty gaps have been formed mainly by the 
action of the rivers is plainly proved by the fact that the beds 
on each side of the canons correspond perfectly, and also by 
there being no signs of fissures or rents produced by any con- 
vulsion of the land. In some places the vertical walls of the 
canons reach quite up to the tableland above ; at other places 
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Fig. 186.— Section showung the rocks at the Falls of Niagara, 
sandstone ; shale ; beds of limestone. 


the walls present inclined slopes on which gigantic earth-pillars 
resembling towers, pinnacles, buttresses, etc., have been formed 
in the way previously described. 

Many ravines have been foimed by the slow retrocession of 
the waterfalls that occur in the beds of some rivers. Such has 
been the origin of the deep trench that stretches a distance of 
seven miles from' Queenstown to the Niagara Falls. This ravine 
has a breadth varying from 200 to 400 feet, with almost per- 
pendicular walls, which terminate suddenly in the escarpment 
or heights seen at Queenstown, where the falls are believed to 
have first been situated. On looking at the figure it will be 
seen that the falls take place from the edge of hard limestone 
TOcks, and that these rocks overlie beds of shale, which is a 
much softer material. These soft shales are being continually 
crumbled away and removed by the spray that rises from the 
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pool at the foot. The projecting limestone thus undermined 
falls down at various intervals, and thus the position of the falls 
is continually retreating. 

It is even possible to form some idea of the time taken to 
cut out the gorge. Recent inquiries have shown that the rate 
of retrocession is probably between four and five feet per 
annum, and if we divide the length of the gorge by four, we get 
between 9000 and 10,000 years as the time during which it has 
been forming. 

227. Longitudinal and Tranavorflo Valleys. — Mountain chains usually 
run in one general direction ; and though they may give off lateral ridges, 



Fig. 187. — Bird’s-eye view of the river and falls at Niagara. 


the chief peaks coincide more or less with the axis of the main chains. In 
several cases we find nearly parallel ranges separated by a depression or 
valley, whose bend coincides with the general direction of the mountain 
chains. 

Such a valley between two parallel ranges is called a loitgiindhial valleyf. 
Thus the Rhone flows from its source in a glacier of St. Gothard to Mar- 
tigny in the longitudinal valley between the Bernese Alps on the north and 
the Italian Alps (Lepontine and Pennine) on the south. Trans\’'erse valleys 
run more or less at right angles to the mountain chains. They are often 
deeply entrenched by the mountain toiTcnts that run down their slopes and 
act as feedeffi of the main stream that runs in the longitudinal valley (see 
Fig. 188). The tops of two adjacent transverse valleys often lie between 

T 



VaUey of R. Rhine. - Jungfrao. Valley of R. Rhone. Mt. Rosa. Valley of R. Po. Apennines. 
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two peaks, the depressions between which form a col or pass to the opposite 



at the point where the 


side of the mountain chain. Longitudinal 
valleys are usually longer, have less descent 
and more gentle streams than transverse 
valleys. 

' 228. Alluvium and Eiver Terraces.— 

When a river traverses a vnde valley it 
may in times of flood overflow its banks, 
and the spreading water, losing its velocity, 
deposits on the tracts of land over which 
it extends, silt, mud, sand, and gravel, 
mixed at times witli twigs, leaves, and bones. 

The matter washed down and deposited 
on the sides of the river in this way is 
called alluvium (Lat. luo^ I wash). Allu- 
vial soils are thus formed on the districts 
bordering a river, and the edge of the 
alluvial plain is generally at the level of 
the highest floods. The height of this 
plain IS at first increased by successive 
floods, but as the river deepens its channel 
the flood can no longer reach its first 
height, part of the old alluvium is cut 
into, and a new flood-plain is formed at a 
lower level. In this way the river valley 
comes to show a series of terraces formed 
of alluvium. These terraces of mud, sand, 
and gravel are often spoken of as r/r/w' 
terraces. These alluvial terraces are seldom 
found complete on both sides of a river at 
the same place, as, owing to the serpentine 
coui'se of many streams, the banks are 
often eroded on the concave .side, and 
deposits made only on the convex lower 
banks (see Fig. 206). 

229. Delta Formation. — In the lower 
part of the course of a river the velocity 
of the stream has generally become so 
much diminished that deposition of sedi- 
ment exceeds erosion. This Jakes place 
in particular where the flow is checked 
by the sea or lake into which a river 

I empties itself. H ere a large part of the 
s j.nd aM mud is d^^ c^ited, ai 5 where" the 
rides are small ^d^ the currents feeble 
tliis accumulates, so that in time the matter 
thus brought down rises above the sea- 
level. In this way the river slowly fills up 
the bay or gulf into which it discharges 
itself, and a triangular deposit of low flat 
alluvial soil, called a aelta^ is fonned. 
It is so named ftom its resemblance to 
the Greek letter A, delta. The delta 
waters laden with mud first m?t the sea in 
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times long past ; and from this point, called the head of the delta, it 
gradually widens, growing outwards and upwards year after year. It is 
made up of the successive layers of detritus brought dovim by the stream ; 
and the shorter and more rapid the course of the river, trie larger and 
coarser is the sediment forming this detritus. In times of flood, too, the 
particles will be larger than at other times. The main stream usually splits 
up into many branches, which traverse the accumulations brought down, 
and these various channels form a regular network of streams, which some- 
times shift their directions, owing to some being silted up and new ones 
being formed. Among the well-known deltas are those of the Ganges and 
BrahmapOtra, the Mississippi, the Nile, the Rhine, the Rhone, and the 
Po. The Ganges has its source in a mountain stream issuing from a glacier 
in the Himalayas, at a height of 13,800 feet above the sea. During the 
first 200 miles of its course it falls 12,000 feet, and has almost the speed of 
a torrent ; but after this it flo-v^^ more quietly for over 1 700 miles, when it 
discharges its waters by many branches into’ the Ba^ of Bengal. During 
its course it receives a vast multitude of tributaries, twelve of which are 
greater than the Rhine. It has been computed that the average discharge 
of water by this river exceeds 200,000 cubic feet per second, and during 
floods it is said to contain part of its weight of matter in suspension. It 
would thus cover with sediment an area of 2276 miles to a depth of one 
inch every year. The apex or head of the delta is 200 miles from the sea, 
and the whole delta has an area of over 8000 square miles. At Calcutta a 
boring has been made through the delta deposit to a depth of ^81 feet 



the unipn of these two immense deltas is shown in Fig. 189. From the 
mouth "of the main branch of the Ganges, the Hoogly River, to the mouth 
of the main branch of the Brahmapfitra, the Megna River, there is a sea front 



Fig. 190.^ — Lower portion of delta of 
Mississippi. 3, 4, 6, 7, and 8, channels. 

feet annually. The whole area of this 


of 220 miles, and the area of the 
united deltas is nearly equal to that of 
Ireland. In tliis delta the land near 
the sea is mostly a swampy marsh, 
covered with a rich vegetation of 
mangroves, nipa-palms, etc. ; while 
beyond the margin of the land for 
some distance there are numerous 
shoals and sand-banks. As more 
sediment is brought down the marshy 
sunder-bunds will rise higher and 
become habitable, and the shoals 
pd sand-banks will be changed 
into marshy land forming a seaward 
extension of the delta. 

The quantity of sediment brought 
down by the Mississippi is even 
greater dian that brought down by 
the Ganges. It has long ago filled 
up the bay into which it first flowed, 
and is now sending out tongues of 
land into the Gulf of Mexico, and 
advancing at the rate of about 300 
delta exceeds 12,000 square miles, 
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of which one-third is sea-marsh. The goosefoot-like head of tliis delta 
presents a striking contrast to those of the Ganges and the Nile. 

The Nile delta has the general typical form of most deltas, and the head of 
the delta at Cairo is 85 miles from the coast (see a map of Lower Egypt). 
In times of flood, which happens during the rainy season in Abyssinia and 
the interior, the river is charged with sediment, but owing to the annual 
overflow the gi'eater part of this sediment is deposited as a thin fertilizing 
layer in Lower Egypt, so that comparatively little is now carried out to sea. 
Even that which is carried out is swept away by a Mediterranean current, 
so that there has been no extension of this old delta for over 2CK)0 years. 

The Rhine delta forms the greater part of Holland. For a time this river 
was able to deposit its sediment near the mouth without the currents taking 
it away, but ^ter advancing a certain distance • the movements of the sea 
were strong enough to remove nearly all the sediment as fast as it was 
brought, and but little further growth takes place. The North Sea has, 
indeSi, reclaimed from the Rhine delta the large space now occupied by 
the Zuyder Zee. The Po carries down in flood-times part by weight of 
solid matter, and has formed deposits that reach out into the sea for 21 
miles. It is now being increased at -the rate of 300 feet a year. Venice, 
Ravenna, and other towns stand on the delta formed by this river and the 
adjoining streams. Wells sunk through the deposits at Venice show that 
the^ are at least 566 feet thick. The Rhone forms a delta at its mouth 
which is rapidly increasing. Axles, where the river bifurcates, was 14 
miles from the sea in 400 b.c. It is now 30 miles distant. The Rhone 
also forms another delta, not in the sea, but in a lake through which it 
flows ^ for rivers flowing through lakes deposit a fan-shaped mass of sedi- 
ment w'hich forms a delta, the lake acdng as a sieve _to strain^ off the sus- 
pended particle s tra v elUng Ihus'The river Rlione*^fi^ 

the Lake of Geneva as a sv^t and Turbid stream, but on leaving it at the 
other end the waters are quite blue, clear, and transparent. An ancient 
Roman town,- now called Port Vallais, and once situated at the water’s 
edge, is at this time more than half a mile inland. Hence the intervening 
alluvial tract must have been deposited during the last i8oo years. 

Such a delta is called a lacustrine della (Lat. lacns^ a lake). 
Lakes into which rivers flow are thus being contracted at their 
upper ends, and are slowly 
being filled up by the sedi- 
ment which the river trans- 
ports. 

In the district occupied 
by the delta the sand and 
sUt are deposited most 
abundantly on the margins 
of the river channels, and thus the hanks are raised higher 
than the geneml plain. The banks of the Po and other deltaic 
rivers in the lower parts of their course have been further raised 
axtificidly in order to preserve the country from floodmg. As 
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the river deposits on its bed, this may even rise till the level 
of the water is above that of the surrounding country. Should 
the river burst its banks great damage and dastiuction of 
property follow. Fig. 192 shows a section of a river in a 
delta, and is very different from that of the stx’eam when 
flowing through the valley in the higher parts of its course. 



Fig. 192.— Section of river in a delta. 


Every river does not form a delta at its mouth even when 
it brmgs down plenty of sediment. Where the coast-line near 
the mouth is steep, where the sea is deep, and the velocity of 
the stream great, or where there are powerful tidal currents, no 
delta is formed. Thus the Thames forms no delta, although it 
brings down every year a large quantity of sediment. Much of 
this is deposited near the mouth, particularly during the rise of 
the tide, when the downward current of the stream is arrested. 
But as the tide flows out it assists the river current itself in 
sweeping away the previous deposit. The conflicting currents 
in the estuary or tidal part of a river often give rise to shoals 
and sand-hanks^ the sediment being swept away in one part and 
gathered together in other parts. At times the ponding back of 
the waters by each rise of the tide in the mouth of a river causes 
the deposition of the sediment to take the form of a line of 
accumulated material across the course of the river, known as 
a bar, 

230. Springs. — As about one-third of the water that fails 
as rain sinks into the ground, it is necessary to inquire what 
becomes of this portion. Some kinds of rocks are said to be 
penneable, but other kinds are almost impermeable, and the 
water falling on these quickly runs off the surface unless they 
are traversed by fissures. Among permeable rocks may be 
mentioned gravel, loose sand, sandstone, and chalk; whilst 
clay, granite, basalt, and slate are nearly impermeable. Even 
among those rocks which are pervious the quantity as ;well as 
the rate at which the water passes through, is very variable. In 


Springs. 


Ileys where the strata are nearly all impermeable the rainfall 
ns ofif very quickly, and gives rise to floods in rainy weather, 
lile the rivers become dry in fine weather. Where there is a 
r proportion of permeable strata through which the water can 
,ss, an almost constant supply is furnished to the rivers. For, j 

iwever deep this water may sink, either through a porous rock j 

through the branching fissures of other rocks, it is almost 
lolly stopped at last by an impermeable stratum. It then 
ids its way along the junction of the permeable and imper- 
sable strata till it reaches an outlet at the surface in the form 
a spring. Springs thus serve to drain the porous rocks that 
: above them, and are always found at a lower level than the 
ound from which their supply of water is derived. They are 
et with in all parts of the world, in valleys, near the tops of 
11 s, on the hill-sides, in caverns, and even under water. Some 



Fig* 193* — -A-j B, porous roclcs j*C, a rock with inter-mmifying fissures ; j, surface 
springs ; D, non-porous rock. 


iw forth naturally, while others have been formed after 
tificial boring through the superficial strata. Where the 
Iter comes from a great depth it is warm, and as warm water 
n dissolve more mineral matter than cold water, such hot 
■rings are always richer in dissolved salts than cold ones. 

231 Surface Springs. — In surface springs the water simply falls down 
rough the rocks by the action of gravity, and after going through its 
derground course comes out at the surface in some depression at the 
iction of a porous and impervious layer (see Fig. 193, A and B).^ The 
int at which the water flows out is often determined by the inclination or 

of the strata, the amount of dip being measured by the angle which the 
.face of the bed makes with a horizontal line. It is evident that, as the 
.ter passes through the porous rocks above, it will sink until it reaches 
i impermeable rocks, and'then flow along in the direction of the dip or 
filiation'' until the strata come to light in a valley or the side of a hill, 
ence such surface springs are also called dip springs (see r in A and B). 
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Of course, tlie upper pervious layer 'will only hold a certain amount of 
-water, and when it becomes saturated to the top the water will run off at 
the surface. 

232. Deep-seated Springy. — In deep-seated springs the water has sunk 
through the joints and crevices which are found in most rocks to a con- 
siderable depth. Then, not being able to get any lower, the pressure of 
the water behind and above forces it up through some fracture or fissure 
opening upwards till it reach^ the surface. These springs may be found 
either in a valley, or at a considerable height on a hill. They are fed by 
the distant strata, and the water having passed through the cracks and 
fissures of its underground course comes to the surface by pressure. Thus 
in Fig. 193 the water that passes through the crevices of the rocks at the 
liigher part C may pass down to a great depth j but when these rocks 
become full the water is forced up at the lower point s. Such a deep-seated 
spring may also rise at the junction of a water-bearing rock -with a compact 
impervious rock. 

233. Artesian Wells. — An important class of artificial 
springs or wells is known as 'Artesian Wells. Where bent 
pervious beds of rock lie between two bent impervious beds, so 
as to make a basin-shaped depression, lower in the middle than 
at the edges, the rain which sinks into the pervious rock where 
it reaches the surface will begin to gather in the central part of 
the porous rock as in a reservoir. If a hole be now bored in 
the hollow of the upper impervious bed till it reaches the water- 
bearing stratum, the water will weU out at the top. The section 



Fig. 194. — a, artesian well ; d. by impermeable strata ; c, Cy porous stratum ; 
dy dy collecting surfaces. 


shown in Fig. 194 illustrates the arrangement of strata necessary 
to produce such a weU. The water thus obtained may have 
fallen a distance of many miles several months previously, and 
if the gathering-ground be high the issue at the weU may be 
forced by the pressure of the water behind to a considerable 
height i London and Paris are both situated in such basin-lLke 
depressions. Some of the water in London is obtained by 
boring through the upper layer of what is called London clay 
till the Tertiary sand or chalk is reached. When such water- 
bearing strata are not tapped artificially the water will at last 
overflow as a natural spring. It has been calculated that the 
water which falls on the chalk hills in Hertfordshire takes about 
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sixteen months to travel to its outlet in the springs that feed the 
river Lea. 

234. Thermal and Mineral Springs.— Springs of heated 
water are known as thermal springs. Springs which hold an 
unusual quantity of mineral matter in solution are called 
mineral springs. Ordinary spring water contains from 60 to 
500 parts of mineral matter in 1,000,000. As thermal springs 
usually- contain dissolved in them mineral substances not held 
in solution by springs of cold water, they are generally mineral 
springs also. The temperature of such springs depends on the 
depth from which the waters rise. There is a boring near 
Berlin to a depth of 4172 feet, and the water which rises has 
a temperature of iio*^ F. As several natural springs have 
a much higher temperature, we may assume that they rise 
from a still greater depth. Thus the waters at Carlsbad 
have a temperattlre of 150° F. Mineral springs are of several 
kinds : — 


(1) Those having in solution an oxide of iron and pdssessing an inky 
taste are known as ferruginous or chalybeate springs. 

(2) Calcareous springs, which are abundant in limestone and chalk 
districts, are those wliich have dissolved much carbonate of lime (see pai'. 

(3) Brine springs contain a large proportion of common salt in solution. 
They occur at Nantwich, Droitwich, etc. 



Fig. igs. — Diagrnra-section (after Prestwicli) showing how a spring nmy rise beneath 
WTiter. A, fissured rocks allowing water to percolate into the (iannelsj c, c, c; 
point where the channels come to the surface of the rock beneath the water ; spring 
rising through water. 


235. Submarine Springs. — It is not difficult to see how in certain cir- 
cumstances a spring of water may occur in the bed of a river, or even be- 
neath the surface of the sea. Submarine springs of fresh water are found 
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on several parts of the Mediterranean coast. Where the coast is high and 
the rocks are fissured in such a way that the orifice of escape is beneath the 
sea, the pressure of tlie water at the higher levels may be so great as to 
drive out the fresh water into the sea-bed. Owing to its lighter specific 
gravity, as well as to the force of ejection, the water of such a spring rises 
to the surface (see Fig. 195). 

236. Intermittent Springs. — Some springs are met with whose flow Is 
discontinued for a time and then begins again. These intervals are of 

. various duration, and 
seem to depend chiefly 
on the amount of rain. 
The phenomenon is easily 
understood on reference 
to Fig. 196. Here we 
see a subterranean cavity, 
which may have arisen 
either by the solvent ac* 
tion of the water or in 
consequence of some vio- 
lent disturbance. It is 
fed by a number of fis- 
sures in the overlying 
rock, and the channel of 
escape is seen to curve 
upwards. As long as this 
Fig. I96.-Intennittent spring. underground reiervoir is 

filled to the height of the 

bend by which the water escapes, the spring seen at the foot of the rock 
continues to flow ; but when a time of drought comes the water in the 
reservoir is drained off by siphon action, and the flow ceases, 

237. Landslips. — It occasionally happens that large masses of rock 
slide down a hill or mountain into a valley, or ori to a sea-coast. In such 
cases the strata are usually inclined towards the direction of the falling 
mass. This slips down because the action of the underground water has 
removed or rendered soft and slippery the supporting stratum, and hence the 
overlying portion slides forward and tumbles down. Such calamities often 
happen after a rainy season in mountainous districts where porous beds, 
such as sandstone or conglomerate, rest on sloping beds of impervious clay. 
The great fall from the Rossberg mountain in Switzerland on September 2, 
1806, was brought about oudng to the support of some upper beds being 
removed after a long period of rain. An immense mass of rock slipped 
down into the plain of Goldau, destroyed two villages, and killed 800 
persons. A large landslip took place at Axmouth, on the Dorsetsliire 
coast, in 1839. This w'as caused by the springs that issue from the face of 
the cliffs gradually removing the support of the upper part of the clifife, so 
that the superincumbent mass fell forward towards the sea. 

238. Geysers. — Geysers are hot springs which are chiefly found in vol- 
canic districts, and which shoot up columns of water at various intervals. 
These intermittent jets sometimes rise to a height of two hundred feet. 
The Yellowstone Park in the Rocky Mountains is the most remarkable 
geyser region in the world. The great Beehive Gej^er discharges a 
column once a day, while others play almost every hour. Iceland is 
another well-known geyser region. All the geyser waters hold in solution 
a considerable quantity of silica. The highly heated water decomposes the 
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ilspar and otlier volcanic rocks, and becoming slightly alkaline with the 
3 da or potash these contain, it is enabled to form a silicions solution, 
"he silica taken is deposited again round the mouth of the orifice, 
linute plants termed algce are known to live in the hot water, and to aid 
1 throwing down the silica from solution to fonn the sinter deposits (par. 


37 )- . . . ■ . 

The cause of the periodical eruptions is probably to be found in the 
radual increase of heat with the depth of the tube. In the middle and 
Dwer parts the temperature is far above the boiling-point (212° F.) at the 
rdinaiy pressure. But at last the lower portion rises to a position where 



Fig. 197. — The'Giont Gej^ier, United States. 


he temperature is above the boiling-point at the pressure it there sustains, 
ind then, flashing into steam, it hurls the colunm above into the air. After 
claying for a few minutes the water falls back into the basin, and remains 
^uiet for a time . 

^ 239. G-laciers.— The snow whicli falls above the snow-line 
partly disappears through evaporation from its surface, and partly 
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by melting, but as the supply far exceeds the waste, it tends to 
accumulate. On attaining a certain depth its own weight is 
sufficient to press the lower portions into ice, and this change 
into ice is also brought about by the water that forms during the 
heat of midday sinking through the crevices of the mass and 
freezing at night. . Successive layers are formed as each winter’s 
snowfall succeeds another, and a sembcompact granular mass of 



Fig. 19S. — Glacitr landscape, .showing the origin in distant snow-fields and the river 
flo\ving out from the archly of ice at the end. On the .surface are seen great fissures 
(crevasses), lines of rubbish (moraines), and a pillar of ice capped by a block of stone 
(.glacier table). In the foreground are shown ice-worn hummocks of rock (roches 
mouionn^es) and transported blocks of stone. 

ice forms at the upper cup-shaped end of a mountain valley. 
The beds of snow accumulated by each winter’s fall form layers 
of irregular thickness, being usually separated by a dirt-line, 
consisting of dust and fine grit that has been blown on to the 
surface in summer. When a sufficient depth of such snow- 
derived ice has collected, the lower portions are squeezed out 
and, impelled by gravity and the pressure behind, travel down 
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the valley slope as a river of ice^ or glacier. This compacted 
parent mass of snow-ice is called neve, or firn, and it only 
gathers where there is a suitable cup-shaped expansion at the 
head of a mountain valley that reaches up to the snow-fields. 
On conical mountains with very steep sides the snow does not 
gather, but soon falls down to the foot, where it is melted. 
Hence a glacier may be described as a stream of ice formed 
by the consolidation through pressure of mountain snow. From 
the sides of steep mountains masses of snow sometimes slide 
down suddenly, and, accumulating as they descend, cause great 
destruction in the valleys below. Such falling masses are 
called avalanches. 

240. Motion and Size of Olaoiers. — A glacier fills up its valley to a 
certain height, and accommodates itself to the various windings. It moves 
slowly down, being pushed on from above, partly by sliding and partly by 
a yielding in the mass itself. Professor Tyndall attributes this yielding to 
continual fracture and regelation in the mass, but Forbes maintained that 
ice behaves like a very viscous fluid, the glacier being a plastic mass with 
tenacity sufficient to mould itself upon the obstacles which it encounters, 
except where the forces are so violent as to produce fissures. As mountain 
valleys often lead into one another, several glaciem may unite in a single 



Fig. i99.~LongitudinaI section of a glacier, showing large crevasses at b on the steep slope. 

valley to form one large trunk glacier. The fate at which a glacier moves 
varies with the season and slope, the motion being less in winter than in 
summer. The motion, too, is greater at the centre than at the side, greater 
in its upper than in its lower surface. In this respect it exactly resembles 
the flow of a river. The motion has 
been prffved by driving a straight row 
of stakes across a glacier, and observing 
these in the following year. They 
were all found to have moved down, 
but those nearest the middle had moved Fig. 200.— Cross-section of a glacier, 
farthest, and the stakes thus presented 

the form of -a curve (Fig. 201) . Some glaciers, where the slope is slight, only 
move three or four inches a day ; in other cases a rate of from three to four feet 
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a day has been observed. Greenland glaciers have a still greater rate of motion 
(par. 206). The varying rate of the motion of the ice in different parts of the 
glacier, and the irregularities of its bed, cause strains in the ice, by which 
fissures or crevasses are produced. Some of tliese crevasses are of immense 
size, especially where there is a sudden descent in the bed of the glacier, and 
the ice falls over the summit of a slope. Hence the surface of a glacier 
is seldom even, but has the appearance of broken and irregular blocks con- 
fusedly heaped together. A Swiss Glacier varies in length from 5 to 16 
miles, in breadth from J to 3 miles, and in depth from 500 to 1,000 feet. 
The huge Baltoro Glacier, fed by the nev^ of the Korakoram Mountain, is 
36 miles long. But even this is exceeded by the Arctic glaciers which cover 
Greenland, and which give origin to icebergs as already^xplained; The 
Norwegian glaciers are mostly shorter than the larger Swiss glaciers. As 
the glacier is pushed down the valley it is constantly being lessened by 
evaporation and liquefaction, but the pressure of the mass behind usually 
causes the compact ice to descend below the snow-line, sometimes to a 
distance of 5000 feet. It ends as a broken cliff of ice, with an archway 
from which flows a stream of muddy water. During periods when the 
snowfall on the height is less than usual, or when the summer heat is 
unusually great, the foot of the glacier retreats. Most of the .Swiss glaciers 
are thus falling back somewhat, and this seems to point to some change of 
climate. 



Fig. 201. — Illustrating^ the motion of a gLicier Firt. 202. — Plan showing position of 
by the changing position of slakes driven into moraines, j, lateral moraines ; 

the ice. ?;/, middle moraines ; /, terminal 

^ moraines. 

241. Moraines, — The sides of the steep rocky valleys 
through which the glacier descends are constantly being acted 
upon by the weather, and angular fragments of rock frequently 
fall on the sides of the glaciers. These form what are called 
the lateral or side moraines. 

When two glaciers unite to form one stream, two of the 
lateral moraines unite and descend along the centre, forming 
what is called a medial or central moraim (see Fig. 202). Both 
the lateral and medial moraines are transported .along the 
surface of the glacier to where it terminates, and there the 
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lass of stones and rubbish is discharged, forming in front of 
le glacier what is called a terminal moraine. In this way 
undreds of tons of rocks, some of which have been borne on 
le back of the glacier for many miles, are gathered together, 
'he surface of the glacier is constantly decreasing by evapora- 
on and the sun’s heat, and thus in siunmer streams of water 
our into the crevasses, and flow along beneath the surface till 
ley reach the foot. In some parts a block of stone prevents 
le melting of the ice beneath it, so that there a column of ice 
)rms having a stone cap. This is known as a glacier table. 

242. Erosioii of Rooks 1)7 Glaciers. — Not only does the glacier carry 
Dwn numerous rock-masses on its surface, but others, called the moraine 
''ofondt\ are pushed along beneath the glacier, finally fonning part of the 
rminal moraine. Many of these have fallen from the surface into 
evasses at the sides or in the middle of the glacier. On emerging at the 
id they show an appearance very different from the angular fragments that 
■e deposited from the lateral and medial moraines. While beneath the 
jface and held in by ice they have been subjected to great friction on 
le bottom or sides of the rocky glacier -bed. All their corners and pro- 
ctions are worn off, and their surfaces have a smooth and polished appear- 
ice. They have been ground against the underlying rocks, and have in 
leir turn grooved and scratched the rocks over whi^ they have passed, 
e marlcs of this scratching being known as stnce (Fig. 208). In this 
Dlishing and marking of the rocks the fine sand and silt resulting from 
e wear acts like emery powder in polishing the exposed surfaces. On 
e bed of the glacier are found smooth rounded rocks, known from their 
ipearance as riches moufonntcs (sheep -rocks). Tlie dome-shaped rcches 
otUoiniles have usually a smooth and rough side, the smooth slope being 
the direction from which the ice travels ; wdiile other rocJics montonntes 
e rounded, striated, anti polished on all sides. Such roches mmitoitntes 
e to be seen vdien the foot of a glacier retreats during a hot season, or 
ey may be found exposed on what was once the bed of an ancient glacier. 

In the bed of a glacier, hollow rounded cavities called moulins^ or 
'adcr-mil/s, are drilled out where a stream of water, derived from the 
elted ice of the upper surface, descends through a crevasse. Such little 
vuleis frequently form and fall down vdth a loud roar. As the supply of 
ater is cut off by a fresh crack a new moulin is formed. Some of these 
reams scoop out in the solid rock a moulin many feet deep. 

243. Glacier Waters. — The turbid water issuing from the 
Lvity at the foot of a glacier has been partly derived from 
le melting that has taken place all along the surface, partly 
om the melting at the bottom of the bed due to friction, 
id partly, it may be, from springs. It has always a peculiar 
ilky appearance, due to the light grey sediment in suspension, 
he impalpable powder that forms this sediment is one of the 
'oducts of the enormous grinding that goes on underneath 
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the ice-mass, and its fineness keeps it from falling down mitil 
the river has reached the lower and quieter part of its course. 
Some of the sediment of the Rhine Glacier may be found de- 
posited on the fiats of Holland. W h^ de posited this silt 
forms a_kind of bluish-grey loam or clay. Rivers which t^e 
tfiSiTrise in glaciers are always fuller’ and more turbulent 
towards the end of summer than at other times, as then the 
greatest amount of ice is melted. In winter the flow from the 
foot of the glacier is at its minimum. 

244. Ancient Glaoiera. — As the rocks over which glaciers pass are so 
distinctly marked, and as the transported matferial is So great, it is plain 



Fig. 203 . — RocJies mouionnies and perched blocks. 

that any old glaciers that have disappeared will have left marks and relics 
that^ may be easily recognised. Polished rocks and moraines of former 
glaciers can be seen in many parts of the lower Swiss valleys, and in several 
countries of Europe, Asia, and America, where no glaciers are now found. 
Moraine matter, striated and planed rocks, may even be founiTln the valle))^ 
of Snowdon and Cumberland, and the morainic matter from old British 
glaciers is scattered over many parts of our country, and is known as 
Boulder Clay. Long before history begins the valleys of Britain were filled 
wdth glaciers, thus showing that the climate of our country was once very 
^^fferent. Rounded sheep-rocks [roches moutmnies) may be easily found 
in the Lake district and various parts of Scotland. The former enormous 
extent of glaciers is also proved by the numerous transported blocks. Their 
huge size, their angular corners, and their difference from the rocks on 
which they are found, all afford evidence that they have been carried into 
their present position by ice. These detached masses were left by the ice 
on the surface of other rocks, often on the summit or edges, and are known 
as perched blocks. They are well seen in the Pass of Llanberis, on the sides 
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of Snowdon. (The word boulder is generally restricted to large water- 
worn rounded masses of stone, or to the more or less ice-worn blocks found 
in the stony clay called Boulder Clay.) 

245. Glaoi^rea. — This word must not be confounded with glaciers. 
Glaci^res are ice-cavems, or caves full of ice. They occur unconnected 
with any glaciers, and are found in certain districts where a cold cuirent of 
air enters a hollow cavity, and Avhere ice is formed in winter which is not 
melted by the waniith of summer, though the temperature of the cave may 



Fig. 2CX4.— View from central moraine of a glacier. 


then be above freezing-point. A remarkable glaciere is found at Dobschau, 
in Hungary j othem are found in 
various parts of the Alps, and in 
Iceland. 

246. General Results of 
Denudation. — The general 
tendency of the various de- 
nuding agents .is to crumble 
away rocks and to carry the 
debris from higher to lower 
levels. In this way lakes are filled up and disappear, thp sea 
bottom is covered with layers of sediment, and material is 

U 



Fig. 20$.— Dyke of igneous rock laid bare 
Ijy denudation. 
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Fig. aoy.—The stacks of Duncansby. Evidence of waste of coast. (Wilson.) 
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thus accumulated that will afterwards be consolidated into 
rocks. But in doing so the various denuding agents act 
unequally. In one place the land is eroded or eaten away 
at a comparatively great rate ; in another place some of 
the denuding agents are absent, or their power is checked 
by the hardness of the rock, and little waste goes on. Various 
inequalities of outline are thus produced on the surface of 
the earth. Table-lands are carved out into valleys and 
hills, ravines are deepened and widened, and mountains 
are rendered more nigged and precipitous. Some idea of 
the tremendous amount of waste and the vast periods of 
time may be formed when it is pointed out that nearly the 
whole of the present scenery of Scotland, its mountains and 
glens, its uplands and lowlands, are mainly the result of the 
denuding tools tliat have sculptured its present surface. The 
level of the basin of the Ganges is being lowered at the rate 
of one foot in 2400 years, wliile in the case of the Po the rate 
is one foot in 730 years. Professor Geikie calculates that the 
rate of denudation in the British Isles is one inch in 800 years, 
and that it would require 5,500,000 years before the land was 
reduced to the level of the sea. But while this crumbling of 
the rocks and dispersion and deposition of the material removed 
have been going on, other changes have been occurring which 
tend to counteract the levelling produced by denudation. For 
though the land is slowly sinking in some areas, upheaval is 
taking place over large tracts ; and volcanic activity, at one 
time much greater than now, frequently throws up immense 
quantities of matter in floods of lava or showers of ashes. 
There is thus a constant struggle between the two opposing 
forces, denudation and upheaval. 

247. Representation .of the Surface of the Earth on Maps. 
— For a considerable period officials of our Government have, 
been engaged in making a National Survey of the United 
Kingdom, and the results of their labours are embodied from 
time to time in reports and maps. These maps are on various 
scales.^ The General Map of the kingdom is published in 

’ A catalogue of the various maps and plans published by the Ordnance 
Survey may be obtained through a bookseller. 
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sheets, and is on the scale of one inch to the mile ; that is, it 
is 6 3: 3 e'Q natural scale, there being 63,360 inches in a 

mile : in other words, one inch in length represents a distance 
of one mile, and one square inch represents one square mile. 
The county maps, which may also be obtained in suitable 
sheets, are on the scale of six inches to the mile, or of 

the natural scale. Parish maps and plans of towns are on a 
still larger scale. Besides showing the rivers, canals, railways, 
bridges, turnpike roads, etc., most of these maps show relief., 
that is, the undulations or surface elevations of the country, 
either by means of cofitour Imes or by hachures, A contour Ihte is 
a line passing through all places which are at the same height above 
the sea-leveL The sea margin at a certain state of tide is taken 
as the datum level, and may be regarded as the contour line of 
no elevation. Imagine a mountainous island, and suppose the 
water to rise a certain height, say 50 feet. A new water-level 
would be formed “encroaching more on the land than the 
former; encroaching most at places where the beach has the 
gentlest slope, not encroaching at all on a perpendicular cliff, 
and thrust out (seawards) from an overhanging cliff.’^ We 
should thus obtain a new contour line of 50 feet elevation. By 
supposing a gradual rise of the sea we should obtain a series of 
curved contour lines which would finally close in over the 
highest peak. The engineers of the survey obtain their levels 
for these cojitours^ or “lines of equal altitude,” by means of 
surveying, and do not require tire imaginary floods which we 
have supposed. Contour lines may be drawn at any intervals, 
but those generally chosen are intervals of 50 or 100 feet of 
additional elevation above the sea-level. Lieut.-Colonel T. P. 
White, R.E.,' the executive officer of the survey, states in 
his little book entitled “ The Ordnance Survey of the United 
. Kingdom ” ^ — 

“These contours are given on our one-inch map to the 
highest altitudes, and, excepting for some of the uncultivated 
and mountainous tracts of Scotland, also on the six-inch maps, 
up to TOGO feet, but not (save in a very few special cases) on 
any of the other scales. The procedure of the survey has, 
^ Blackwood and Sons. 
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however, varied in this matter. In Lancashire the contours 
were shown on the six-inch map as close as 25 feet (vertical) 
apart, both in the high and low ground, and at the same interval 
in Yorkshire, up to the limit of 1200 feet : above that limit the 
Yorkshire contours were given at every 50 feet of elevation. 
The contours are of the greatest value to engineers and others 
for laying out railways, roads, canals, water-leads, drainage, 
etc., and for constructing ground-sections to illustrate a par- 



Fig, 209. — Contour lines round a hill. 


ticular line of coimtry. ^They also form an admirable basis 
for hill-sketching, and for correctly expressing to the eye the 
surface of a country.’ ” 

Where the ground has a gentle slope the contours spread 
out, and where it is steep they come close together. The 
shortest line drawn to the nearest contour line will give the line 
of steepest slope, or the stream-line^ as it is called; and the 
gradient^ or amount of rise in a horizontal foot, is inversely as 
the distance in that direction between successive contour lines. 
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Knowing their distance apart we can easily tell by means of 
these contours tlie height of any particular part above or below 
another, and can also picture to ourselves the slope of the 
ground. Figures are often attached to the dotted contout 
lines on the maps of the Ordnance survey. If we had a hill 
shaped like a right cone, there would be uniform steepness 
throughout, and the concentric circles representing the contour 
lines w^ould be at equal distances. In a hemispherical hill the 
lines would be close together at the boundary of the hill, and 
w^ould spread out greatly near the top. The reader may make 
the water-level experiment with a good-sized round orange, 
half of which may be placed in a flat-bottomed dish, and water 
poured in to successive equal vertical heights. The annexed 
figure shows the contour lines round a hiU at successive 
intervals of loo feet. The hill, however, can only be shown 
in section, but the inequalities of slope on the. sides not seen 
may be judged of from the shape of the diflerent contours. 

The other method employed to represent the surface of the 
ground is by what are termed hachures, Hachures are shading 
lines, and these lines are made thicker and closer the steeper 
the ground is. This shading of the hill-features on the one-inch 
maps is executed on the principle “that the eye, in looking 
at the map, should be drawn at once to the highest summits 
by the emphasising of the shading there, and be able to dis- 
tinguish the intermediate heights down to the lowest ground by 
the relative strength of the shade. Another mode of showing 
the relief of a district is by giving ideal sections across various 
parts. The map annexed shows the contoirr lines and hachures 
of a part of the Thirlmere Valley, in Westmoreland, and two 
sections of the valley are added. 
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CHAPTER XXL 


TERRESTRIAL MAGNETISM. 


248. Magnets. — In Scandinavia and America an iron ore 
having a composition represented by the formula is found, 

and from it iron of excellent quality is obtained. This ore 
in its natural state possesses the peculiar property of attracting 
to it and supporting iron and some other substances, and when 
suspended so that it can turn freely it always sets itself in a 
nearly north and south line. It is often called magnetic oxide 
of iron, or the lodestone (A.S. /cedcru, to lead). Magnetic iron 
ore was first found in Magnesia in Asia Minor, and was called by 
the Greeks tnagtics^ whence our word “ magnet.’’ Magnets are 
substances that possess the property of attracting iron, and 
magnetism is the name given to this attractive power. 'The ore 
itself, being a natural product, is called a natural magnet. When 
a bar or needle of steel is rubbed by a piece of magnetic ore 
it also acquires the attractive property of the ore, and such a 
bar is called an artificial magnet. 


Experiment 104.- 



Fig. aio.—Loadstone with filings 
attached. 


Obtain a piece of lodestone. Notice that it is a 
hard, blackish, stone-like body of irregular 
shape. Dip it into iron filings. On with- 
drawing it note that filings are held to it, 
but that the attractive force of the stone is 
not evenly distributed, since the filing cling 
in tufts to 'certain parts. If carefully sus- 
pended with a piece of raw silk, it will set 
itself nearly north and south in our country. 


Natural magnets, however, are not as convenient for ex- 
periments as artificial ones, and we will, therefore, show how 
the properties of the latter may be examined, and afterwards 
learn how one may be made. Artificial magnets are made of 
hard steel that has been rubbed with a lodestone, or with 
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another artificial magnet, or which have been magnetized 
electrically. 

249. Poles and Neutral Lin© of a Magnet. — A convenient 
form of artificial magnet to make experiments with is a mag- 
netized steel bar. On dipping such a bar magnet into iron 
filings we again notice that the attractive force is not evenly 
distributed. Tufts of filings cling to the end of the bar, and 
the number of attracted filings diminishes towards the middle, 



Fig, 211. 


where none are found. That part of the bar where there is no 
visible attractive force is called the equator or fieuiral Ime^ and 
the points near the ends of the bar, where the force of attraction 
is greatest, are called the poles. The poles, therefore, are the 
two points about which the . magnetic force of a magnet is 
the most intense. The line joining these points is called 
the magietie axis of the magnet. 

A bar of steel may be bent into a curve like a horseshoe, 
the poles still remainmg near the end, and the neutral line 
being still in the middle. Every magnet has two poles and 
a neutral line. There is no isolated pole, for if a magnet is 
broken in two, each part will be found to be a complete magnet 
with its two poles and its neutral jy^ 


line. In fact, it is believed that 
every molecule of a magnet is a 
complete magnet each with Its 
north and south pole. 

250. Magnetic Needles, — A 
magnetized steel bar freely sus- 
pended at its centre, or freely 
balanced on a pivot at its centre, 
is called a mapietic medle. Such 



a bar is generally a light stnp of fig. aia.-Magnedc needle, 
steel shaped as in the figure, AJB. 

When supported so that it can turn horizontally with ease, 
and when not in the neighbourhood of other magnets, it 
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sets itself so as to point with one end towards the north and 
the other towards the south. If the needle be turned in another 
direction, it always comes back to this position when free to 
move. This may be further shown by placing a light magnetic 
needle on a flat cork floating in water, for such a floating 
needle sets itself north and south. The end which points 
towards the north is called the North Pole of the magnet, or 
the “north-seeking pole;” the end which points towards the 
south is called the South Pole, or the “ south-seeking pole.” 
The north end of a magnet is often stamped with the letter N, 
or coloured. 

251. Magnetic Attraction and Eepnlsion.— When we place 
the poles of a magnet one after the other in iron filings they 



Fig. 313. 


appear to have similar properties, as each attracts the filings 
equally well. But this is not the case, for if we present each 
of the poles of the bar magnet in turn to one of the poles of a 
magnetic needle, they affect the latter differently. If we place 
the north pole of the bar magnet near the north pole of a 
magnetic needle the latter is repelled ; while, if we place the 
north pole near the south pole, the latter is attracted. A 
similar experiment by presenting the south pole of the bar 
magnet to the poles of the needle gives a similar result, that 
is — like poles repel and U 7 ilike poles attract one another. This 
is generally called the first law of magnetism. Hence we see 
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that while each magnet has two poles alike in their power of 
attracting hon, yet they differ in their action on the poles of 
another magnet. This law may 
also be proved by placing the mag- 
net needle over the neutral line of i — * — 1 

a bar magnet, when the poles of 1*^ 
the needle eventually come to rest 

over the opposite poles of the bar magnet, because the similar 
poles repel one another and the dissimilar poles attract. 

The student who has not got a magnetic needle may easily 
:nake one for himself, and verify some of the above facts by 
:he following experiments : — 

Experimmt 105. — Take an ordinary knitting-needle, and laying it flat 
m the bench, stroke it with one pole of a bar magnet several times, always 
jeginning at the same end. In 
;his way the needle will become 
nagnetized. Dip it into iron 
ilings to show where the poles 
)f the magnetized knitting- 
leedle are approximately situ- 
ited. To determine which is 
he N, pole, make a paper 
itirnip by doubling a short 
trip of paper and fastening 
he free end by a thread of 
mtwisted silk, the other end 
)f the tliread being attached 
.0 some wooden or brass sup- 
)ort as in the figure. Place 
he needle in the stirrup, and 
et it come to rest. Mark in 
ome way, e.g. with a file, that 
md which sets itself pointing north. In n similar way, magnetize and 
letemiine the poles of another knitting-needle. Bring the poles of the 
econd needle in turn to the poles of the suspended needle, and obserp-e 
he effects. That the attraction between two unlike poles or the repulsion 
)etween two like poles is mutual maybe proved by suspending both needles, 
.nd bringing their north or their south poles together. Notice that the tw'o 
)Oles repel each other. Now put opposite poles together, when it will be 
ound that both are attracted to each other. As a rule, only one magnet is 
ree to move, and hence this mutual attraction is not seen. By bringing a 
uece of iron to the needle it can be shown that not only does a magnet 
.ttract iron, but iron a magnet. 

The Strength of a magnet’s attractive power is greatest at 
ach end, and diminishes rapidly as we move towards its middle 
)oint, where it is nil. 
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ExperimcJit io6, — Hang a nail of soft iron M on to tlie hook of a spring 
balance. I>ay a bar magnet NS on the table, and allow the nail head to 
rest on the bar magnet at different places in turn, 
beginning at one of the poles and gradually 
approaching the other. At each place slowly 
pull the spring balance away from the magnet, 
and notice the pull it registers when the attrac- 
tion of the magnet for the iron nail is over- 
come, and the nail leaves the magnet. You will 
find that the force grows rapidly less as the nail 
approaches the middle of the magnet where the 
force required to detach the nail is practically 
nothing. 

It is clear, also, that if the unlike 
poles of two magnets of equal strength 
be brought together, the magnetism of these two poles will 
be neutralized, and iron would be unaffected at their meeting- 
point. 

252. The Magnetic Field of a Magnet. — We have already 
seen that a magnet can attract iron or affect another magnet, 
even when the two are at some distance apart. If, however, 
the distance between them is gradually increased, the magnet’s 
power of attraction and repulsion becomes rapidly less and less, 
imtil it ceases to be affected. Every magnet has,. therefore, a 
certain space surrounding it in all directions in which it can 
exert its influence. This region is known as the Magnetic 
Field of that magnet. The magnetic field of a magnet is^ there- 
fore^ the space surrmmdmg it on all sides through which it 
exerts its magnetic power, A magnetic field, and its lines of 
force, may be examined in an easy way by means of iron filings. 
In a magnetic field forces are at work which tend to set the 
poles of any small magnets that may be in the field along certain 
lines called lines of force, 

Experinteni io7- — Place a bar magnet on a table, and support a large 
piece of paper or cardboard just above the magnet. Over the paper loosely 
and evenly sprinkle fine iron filings through a piece of muslin, and then 
gently tap the paper with a lead pencil. Notice that the magnet exerts its 
influence even through the paper or cardboard, and that the filings are 
setting themselves in definite curves as shown in Fig. 217. These ciuwes 
indicate the Ihies of force of the ma^et, and therefore the direction in which 
a small compass n^le would set itself at any particular point of the field. 
In fact, these lines of force can he obtained in this way by following up the 
direction in which a compass needle sets itself when placed at any point in 
the field. If a circle be drawn on the sheet of paper on which the filings 



Fig. 216. 



Magnetic Fields. 


SOX 


are to be sprinkled, having its centre at the centre of the magnet, and a 
diameter somewhat gi-eater than the lengtli of the magnet, the direction of 
the lines of force at a number of points on the circle as indicated by the 
filings may be marked. Now take a veiy small compass needle, such as is 



Fig. 217. — Curves of iron filings indicating the lines of force of a magnet. 

often attached to a watch-guard, and move it in a circle round the large 
magnet. Observe and mark the position the small needle takes in diflbrent 
places, and notice that these lines coincide udth the lines of iron filings at 
those places. The iron filings are, in fact, themselves short temporary 
magnets by induction, as will now be explained. 

253, Magnetic Induction. — If a pole of a magnet is brought 
near a short bar of soft iron, the iron is attracted and drawn 
to the bar. The magnet may then be made to lift the iron 
bar, and on bringing another -short bar near the lower end of 



the first this second piece is also attracted, and may be 
lifted. With a strong magnet, two or three pieces more may 
be lifted. This experiment shows that the bar magnet first used 
converts the small iron bar ah into a magnet by its influence, 
its end being, of course, of opposite polarity to the pole which 
it touches of the large magnet. 
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The production of a magnet by the influence of another 
magnet is called magnetization by induction. Each of the 
little bars is made a magnet by induction ; but tliey are only 
magnets as long as they are under the influence of the 
magnetized bar. When the permanent magnet is withdrawn, 
the induced magnetism of the soft-iron bar ceases, the small 
bars fall apart, and retain no magnetic power. If the ex- 
periment be tried with similar small bars of steel, it ^ill be 
found that only two small bars can be held by the permanent 
magnet that held the five bars of soft iron, but if the upper 
piece be now gently detached from the magnet the lower 
will still cling to it, and if the two pieces be separately tested 
by bringing them in turn to the poles of a magnetic needle, 
each will be found to be a magnet. 

We therefore see that iron is more readily magnetized than 
steel, but that steel, when it is magnetized, retains its magnetic 
properties better than iron. Magnetic needles and other 
permanent magnets are always made of hard steel. 

254. Difference between Magnets and Magnetic Sub- 
stances. — A magnet is a body which possesses the property 
of attracting iron and steel, and of setting itself under the 
action of the earth in a definite direction when freely suspended. 
Magnetic substances are substances which are attracted by a 
magnet. Iron and steel are the chief magnetic substances. 
Nickel and cobalt are also magnetic, but in a much less 
degree. All the otlier metals are practically non-magnetic. 
A magnetic substance has no poles like a magnet, and all parts 
of it are attracted equally by either pole of a magnet. To 
ascertain whether a needle or a short bar of steel is a magnet 
or not, perform the following experiment : — 

Mxperitmnt 108. — Take a mounted magnetic needle (Fig. 213), and 
present one end of the needle or bar to be testetl in turn to the two poles 
of the magnetic needle. If the bar or needle has been magnetized, there 
will be attraction between it and one pole of the mounted needle, and 
repulsion between it and the other pole. If it is not a magnet there will 
he attraction between it and both ends of the mounted needle. 

255. Magnetic Meridian —Declination. —A magnetic 
needlei, when supported on a vertical pivot, or floated on water, 
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is found to set itself in a definite direction. In this country 
the direction it takes is nearly north and south, but in other 
parts of the world the direction is different. In all cases, 
however, the needle points to a certain place on the eartli 
called the magfieiic 7 wrth^ and a vertical plane passing through 
the needle and the magnetic north is called the mag 7 ietic 
merldmi. The geogi*aphical meridian of a place is the vertical 
plane passing through that place and the two geographical 
poles, and is usually indicated on the surface of a globe by a 
line. The angle at any place which the direction of the needle 
makes with the geographical meridian, i.e, tlie 
angle between the magnetic meridian and 
the geographical meridian, is called the mag- 
netic declinaiiofi^ or, in navigation, tlie Varia- 
tion of the Compass (Fig. 219). As just re- 
marked, the magnetic declination varies from 
place to place. At present it is about 16° 45' 
iV. at London, 18° 30' W. at .Plymouth, 
f W. at New York, 20° E. at Vancouver. 

Lines drawn on maps passing through those 
places on the earth’s surface at which the 
ieclination is the same are called isogonic Imes 
Gk, isos^ equal ; g 07 tia, an angle). Theie 
Lre two lines of no declination where the fig. 319. — Declination 
leedle points to the true or geographical north needle, 

see map, p. 307}. 

256. Magnetic Inclination or Dip. — When a steel needle 
las been accurately balanced at its centre of gravity, so as 
0 remain quite horizontal before being magnetized, it is 
Dund after magnetization to lose its horizontal position, 
nd to dip downwards with its north pole. To show this 
mdency, we must suspend the needle on a horizontal axis, 
0 that it can move in the magnetic meridian in a vertical 
lane. An accurately balanced needle suspended on a hori- 
ontal axis is called a “ dipping-needle,” and when placed 
a the magnetic meridian, the angle which the needle makes 
ith the horizontal is called the magnetic inclmation or dip. 
uch a needle is shown, provided with a graduated circle 
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and levelling screws in Fig. 220, where the dip from the 
horizontal is seen to be about 70"^. The angle of dip, like the 
angle of declination, differs in different localities. It is greatest in 
the polar regions, and diminishes towards the equator. Near 
the equator a line can be traced round the earth on all points of 
which there is no dip, and this line is called the 7 nagnetic 

equator. On the penin- 
sula of Boothia Felix, 
in the north of Canada, 
there is a point where 
the dipping-needle 
stands vertical with its 
north pole downwards. 
This point is called the 
North Magnetic Pole. 
A South Magnetic Pole 
where a dipping-needle 
stands vertical with its 
south pole downwards 
exists in the southern 
hemisphere. Lines con- 
necting those places on 
the earth’s surface, at 
which the magnetic dip 
or inclination is the 
same, are called isodinic 
equal; klmo., to incline). At present tlie 



Fig. 320 . — dip-needle. 
lines (Gk. isos^ 


(^From Ganofs Physics.") 


inclination at London is about 67°, and it increases as we pass 
northwards (see map, p. 307). 

257. The Earth a Magnet. — The behaviour of both kinds 
of magnetic needle may be largely accounted for by considering 
that the earth acts as a great magnet, or, rather, that it has a 
long magnetic core buried beneath its surface, and the axis 
of which is inclined to the earth’s axis of rotation at an angle 
of about 20 . The action of a dipping-needle at various 
parts of the earth’s surface will be understood on reference 
to Fig. 221. 

(Since unlike poles attract each other, the pole beneath the 
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rth’s surface in the north of Canada must be of opposite kind 
that of the needle drawn towards it, so that there is some 
nfusion in calling that 
d of the needle the 
rth pole and that por- 
in of the earth the 
rth's north magnetic 
le. To avoid tliis in 
rt the north pole of 
magnetic needle is 
netimes called the 
rth-seeking pole, or ‘ 
i north magnetic pole 
the earth is said to 
/e southern polarity.) 

The cause of dip, 

1 the reason of its 

Fig. aar. 

rease as we approach 

tain positions on the earth, may now be fuither illustrated 
follows : — 

Expmmeiit 109. — ^Place a strong bar magnet at right angles to the 
netic meridian. This is done in order to keep out the eartli’s magnetic 
Put the dip-needle at the centre of the magnet so that its vertical 
.e of motion is parallel to the axis of tlie magnet. Load the upper end 
i a little soft wax until the needle keeps horizontal. Gradually push 
dip-needle to^\'u^ds one of the poles, and notice that a dip is produced 
:h increases until the needle stands vertical when it is over the pole 
le magnet, opposite poles being together. Bring the needle slowly back 
n. The dip gets less and less until it disappears when the needle is 
the neutral line of the magnet, i,e, halfway between the poles. On 
ing the dip-needle towards the other pole, the opposite end of the needle 
more and more until the dip is again 90° over the pole. 



The student may make a rough dipping-needle for himself 
iiare fully suspending a steel knitting-needle at its centre of 
dty by a single thread of untwisted silk. The needle should 
\ remain quite horizontal when suspended. Now magnetize 
needle by stroking it from end to end with one pole of 
Lr magnet, always beginning at the same end. On again 
►ending the needle it will now not only set itself in the 
netic meridian, but its north pole will dip as well. 


X 
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258. Magnetic Charts. — By means of lines drawn on the 
surface of a globe or on a map, charts are constructed that 
show the chief elements of the earth’s magnetism at any period. 
As the inclination and declination undergo slow changes, these 
charts require to be brought up to date from time to time. 

On a map showing isoclinic lines, i.e, lines connecting places 
having the same dip, we see a line of no dip called the ?nagnetic 
eq^taior^ Which is near to and roughly parallel to the geographical 
equator, but north of it in Asia and Africa and south of it in 
America. To the north of this magnetic equator there is a 
hemisphere in which the north pole of the needle dips, with the 
lines of equal dip nearly parallel to the line of no dip. To the 
south of the magnetic equator is an hemisphere in which the dip 
is south, i.e. where the south pole of the needle dips. There 
are two positions, one in the northern hemisphere and one in 
the southern, where the dip is 90°, so that there the magnetic 
force is vertical. These are called the magnetic poles of the 
earth or the poles of verticity, for the term “pole,” when used in 
reference to the magnetism of the earth, must be understood to 
mean the places where a dipping-needle sets vertically. 

A declination map or chart of isogonic lines shows lines 
connecting all places having the same magnetic declination, the 
amount of declination being indicated on each line. There are 
two chief decimation lines of declination, called the agonic 
lines. The first passes from Boothia Felix through Canada, 
the Eastern States of America, along the eastern side of the 
Gulf of Mexico, through the east of Brazil, and then into the 
South-West Atlantic ; the second through Finland, Central 
Russia, Persia, the Indian Ocean, and Western Australia. 
Between these two agonic lines the declination is westerly, and 
outside of them it is for the most part easterly. Notice on the 
map how the isogonic lines come together at the north magnetic 
pole, and how, from the figures attached to them, it must be 
evident that in this neighbourhood there are places where the 
north pole of a magnetic needle will point to the east, places 
where it will point to the west, and places where it will point 
to the south. 

It will also be noticed from the map that there is a curious 
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oval patch in the north-east of Asia, along the margin of which 
the declination is zero, and within which it is westerly, though 
surrounded by a region of easterly declination. 

259* Mariner’s Compass. — An important application of the 
magnetic action of the earth is made in the ^narbiei^s compass. 
This is an instrument used to indicate the magnetic meridian, 
or the position of objects with respect to that meridian. It 
consists of a magnetized bar of steel attached to a circular card 
which turns with it, and the circumference of which is divided 
into thirty-two parts, called points or rhumbs. The card is so 



Fig. aad. — Needle and card of mariner’s compass. 


fixed that the crown or fleur-de-lis is exactly over the north or 
marked end of the needle. The needle and card are placed 
in a basin, and supported at the centre on an upright sharp- 
pointed pivot of steel which fits into an agate cap. In this 
way the needle and card are capable of moving horizontally in 
any direction with the least possible friction. The pivot rises 
from the centre of a glass-covered circular box, which is sus- 
pended so that it always retains a horizontal position notwith- 
standing the rolling of the ship. The compass is placed in 
a part of a ship called the binnacle^ in sight of the helmsman. 



Fig. 223.~-Diagram 9f land compass. 
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Inside the compass box or bowl is placed a black line called 
the lubber Ihte, in the direction of the ship’s bow, and the 
helmsman has to keep the point of the card which marks out 
the ship’s course in contact with this line. 

In a land compass the magnetic 
needle is so arranged that it moves 
in a case above a fixed graduated 
card. Knowing the decimation of 
the compass at any place, the tra- 
veller can determine the geographical 
meridian, or north and south line, 
by turning the compass until the 
needle deviates from the line NS 
by a quantity equal to the declina- 
tion. 

The notation of the compass is 
as follows : — 

The circumference being divided into the four quadrants 
by two diameters at right angles, the extremities of these 
diameters are the four cardinal points {car do, a hinge), marked 
N., S., E., W. (north, south, east, west). Bisecting each of the. 
quadrants, the several points of bisection are denoted by placing 
the two letters at the extremities of the quadrant in juxtaposi- 
tion. Thus N.E. (north-east) denotes the point which is half- 
way between north and eastj and so with N.W., S,E., S.W. 
(north-west, south-east, south-west). Let the octants so formed 
next be bisected; the points of di- 
vision are denoted by prefixing to 
each of the above combinations, first 
the one, and then the other, of the 
two cardinal points of which it is 
formed. Thus N.E. gives N.N.E. 
and E.N.E. (north - north - east and 
east-north-east) ; and so in respect of 
the other. Sixteen points have thus 
been named. Let the distance be 
again bisected, then each of the 





Fig. 324. — Points of compass. 

points so found is expressed by that one of the preceding 
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points already named to which, it is nearest, followed by the 
name of the cardinal point towards which its departure from the 
nearest points leads it, the two being separated by the letter h 
(by). Thus the point halfway between N. and N.N.E. is N. by 
E. (north by east) j that which is halfway between N.N.E. and 
N.E. is N.E. by N. (north-east by north) ; etc. The whole of 
the thirty-two points are thus distinguished, as in Fig. 224. 

260. Finding the True North and South Line by the 
Compass. — The variation of the compass, or the declination of 
the magnetic needle from the true north and south line, varies 
in the British Isles from about i6-|° W. at the south-east of 
England to 24° W. at the west of Ireland. There is annually 
a decrease of this western declination of about 7'. At present, 
the amount of declination is as follows at certain stations : 
Dover, 16° 30'j Yarmouth, ib*" 45'; London, 17° 12'; Hull, 
iS"" 30'; about 19° at Gloucester, Birmingham, York, and 
Whitby; about 20° at Swansea and Liverpool; about 21° at 
Holyhead and Glasgow; Dublin, 21° 30'; Cork, 22°. To find 
thfe true north-and-south line, i,e, tlie geographical meridian, by 
means of a magnetic needle, we must draw a line with the help 
of a graduated circle through the point of suspension of tlie 
needle, the requisite number of degrees (according to the 
declination of the place of observation) to the east or right of 
the line marked out by the magnetic needle when at rest ; or 
the needle must be so placed that it points the declination 
number of degrees west of the north point of the compass card, 
when the line joining the north and south points of the card or 
dial will be the true north-and-south line. 



CHAPTER XXIL 

THE SHAPE AND MOVEMENTS OF THE EARTH 

261. Introductory Remarks. — On looking around us we soon 
learn that the sun rises every day above the eastern part of 
the horizon, reaches his highest position in the south at 
noon, and then declines, to set in the west. Continuing our 
observations for some time, we may notice that, though the 
sun is always exactly in the south at noon, he does not rise nor 
set at one and the same place nor at the same time throughout 
the year. At night the moon and the stars attract our atten- 
tion. In the open country we appear to be situated at the 
centre of an immense hollow globe or sphere, on the inner or 
concave surface of which the stars and other heavenly bodies 
appear to lie. With careful watching we may notice some of 
the stars rise above the eastern part of the horizon, ascend to 
their highest point in the south, and then descend to disappear 
below the western horizon. The same stars rise and set 
exacdy at the same points, though not exactly at the same 
time, day after day throughout the year. Some stars, howeyer, 
never set, but turn every day in a complete circle above the 
horizon, round a fixed point of the ' heavens. If we look 
towards the north in our latitude, we may at certain times see 
the stars arranged on that part of the celestial vault in the 
mode shown in Fig. 225, though if the night be very clear 
and without moon more stars may be seen than are indicated. 
A careful watch of these stars, continued for some time, will 
convince us that they are revolving in a direction contrary to 
the hands of a watch, around a point very near the central star 
of the figure. This star, around wloich the others appear to 
revolve in parallel circles, and which has the same distance 
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above the horizon as the observer’s latitude, is know as Polaris, 
or the Pole Star, Stars that revolve round it without setting 
are called circumpolar stars. The seven stars seen on the right 
of the- figure are such stars, and form part of a group known 
as the Great Bear. Two of tire stars in this group are known as 
the “ pointers,” because they indicate the direction in which we 




Tig. 225.— The starry sphere, looking north. (Great Bear on the right.) 

may look for the Pole Star, whether the group is in the position 
shown in the figure or in any other part of its diurnal circle ; 
for the stars of the Great Bear, always keeping the same 
position with respect to each other, are among the number of 
stars which in our latitude are always above the horizon, and, 
though only visible to the naked eye after the sun’s powerful 
light is withdrawn, they may be seen with a telescope in all 
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parts of their course. We shall return to the diurnal move- 
ments of the stai's several times. 

If we wish to point out the positioii of a star on the sphere 
of the heavens, or the apparent distance of two stars from one 
another, it is clear that we cannot do this by using our measure 
of Imgih. We cannot say that a star is so many yards or miles 
from the horizon, or that two stars are so many inches apart. 
To indicate apparent distance in the sky, we must express the 
distance in degrees, or, in other words, use migular meastire^ 
Before we explain this we 
will remind the reader of 
the meaning of a few 
common terms. 

A plane, or plane sur- 
face, is a surface on which 
a straight edge can lie 
evenly in all directions. 

It is regarded as having 
length and breadth, but Fie- «6 -Two mtei^ecting pbnes. 

no thickness. A good floor, the sloping siurface of a desk, and 
the face of a blackboard are all plane surfaces. The position of 
objects is often described by giving their perpendicul^ distance 



from a plane. The intersection of two planes is a straight line. 
A circle is a plane figure bounded by one line, which 


is called the circumference, and is 
such that aU straight lines drawn 
from its centre (radii) to the circum- 
ference are equal. 

A sphere, or globe, is a round 
body bounded by a curved surface, 
every point of which surface is 
equally distant from the centre. If 
a section be made by a plane pass- 
ing through the centre of a sphere, 



this plane cuts the surface of the 
sphere in a great circle. Any number 


Fig. 227. — Globe^ with great 
aud small circles. 


of great circles may be supposed to be drawn upon a sphere, 
and all great circles bisect one another. Any section of a 
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sphere made by a plane which does not pass through the centre 
cuts the surface of a sphere in what is called a small circle. 
Fig. 227 represents a sphere with a great circle EE (seen 
obliquely as an ellipse) made by a plane passing through the 
centre C ; RR, SS, and TT are small circles. 

The earth on which we live is a globe, as will shortly be 
proved, and is often called the terrestrial sphere. The celestial 
sphere is that sphere on which all the heavenly bodies, as the 



sun and stars, appear to be situated. In order to define the 
position of the heavenly bodies on the inner surface of the 
celestial sphere, we imagine certain circles traced on its surface, 
the observer being regarded as situated at its centre. In Fig. 
228, let the letter O represent the earth, though in reality our 
earth is but a mere point, so small is it in comparison with the 
immensity of the celestial sphere. The diameter of the earth 
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about which it turns is called its axis, and when this is produced 
both ways it meets the celestial sphere in the points P and P' : 
P is the north pole of the heavens, and P' is the south pole of 
the heavens, and the celestial sphere seems, in consequence of 
the earth’s rotation, to turn daily round the axis PP'. 

An observer on a level part of the earth sees around him 
a circular plane bomiding his view called the plane of the 
visible horizon, A great circle of the heavens formed by a plane 
passing through the centre of the earth, and parallel to the 
plane of the visible horizon, is called the rational horizon. 
At the infinite distance of the heavens these two planes meet 
and divide the celestial sphere into a visible hemisphere and an 
invisible hemisphere. The rational horizon is indicated by the 
great circle ESWN. The central point Z of the visible 
hemisphere directly over our heads is called the zenith^ and the 
central point of the invisible'half 71 is called the nadir. The great 
circle MEM'W, formed by a plane passing through the centre 
and perpendicular to the axis, is called the celestial equator. It 
is the plane of the earth’s equator extended to meet the heavens, 
and it intersects the horizon at E and W, the east and west 
points. The small circles parallel to the equator represent the 
diurnal paths of the stars. A star rising at E midway between 
the north and south points ascends in about six hours to its 
highest point or culmination M on the meridian SZPN, 
passes thence in the same time to W, where it sets, to rise 
again at E on the next day. If a star rises at /, its diunial 
course above the horizon is smaller, and the time during which 
it is visible is shorter. It transits the meridian or culminates 
at n. Stars rising anywhere above the horizon on the arc EN 
culminate somewhere on the meridian between M and N', 
remain above the horizon more than twelve hours, and set just 
as far to the north of the west point as they rose north of the 
east point. Other stars, whose distances from the pole star are 
less than the observer’s latitude, are circumpolar stars, and 
perform the whole of their diurnal circles as NN' and sd above 
the horizon. 

The stars whose daily motions we have just been describing 
are called fixed stars ^ because they keep the same relative 
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position day after day and year after year. Other heavenly 
bodies that appear like stars to the naked eye, besides rising 
and setting, move among the fixed stars with a slow erratic 
motion, and are hence called plariets (Gr, planetes, a wanderer). 

262. The Use of Angular Measurement in Astronomy. — 
Altiiiide and Azimuth,- — ^Angular measurement is a very con- 
venient method of indicating the position of the heavenly 
bodies. The position of a star may be fixed, for example, 
by referring it to certain imaginary great circles of the heavens, 
and we may measure its position by arcs perpendicular to such 
great circles. 

{a) First Method of definmg the Position of a Heavenly 
Body,- — In this method the objects are referred to the horizon 
as the fundamental plane, and in the northern hemisphere the 
south point of the horizon is the point of origin. Let us draw 
a diagram to represent the visible portion of the celestial sphere. 
We can do this by describing a semicircle to represent the 
observer’s meridian. A great circle (seen obliquely as an 
ellipse) joining the ends of this semicircle will represent tlie 
horizon. A point vertically over the observer’s head will 
represent the zenith, A point measured off from the north 
point of the horizon by a distance equal to the latitude of the 
spectator will mark the position of the north pole of the heavens 
(Fig. 329). 

Vertical circles are great circles which pass through the 
zenith and nadir, and are perpendicular to the horizon. 

Parallels of altitude are small circles parallel to the horizon. 

The prime vertical is the vertical circle that passes through 
the east and west points of the horizon. 

The celestial meridian is the great circle passing through the 
zenith and the poles of the celestial sphere. Its intersection 
with the horizon marks the north and south points of the 
horizon, and its plane is perpendicular to the plane of the 
prime vertical. 

The altitude of a heavenly body is its elevation above the 
horizon measured on the arc of the vertical circle passing through 
the body. It may also be measured by the angle which this 
arc subtends at the centre of the horizon. (See Fig. 229.) 
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The disfatice of a body is its angular distance from 

the zenith, and is therefore the complement of the altitude. 
Altitude + zenith distance = 90°. 

As a star approaches the meridian its zenith distance 
diminishes, and a star attains its greatest altitude on the 
meridian, when it is said to culminate. When a star has 
reached the meridian one half of its visible path is accom- 
plished, and the passage of a heavenly body over the meridian 
is called its transit, A circumpolar star — i,e, one whose whole 
diurnal circle is above the horizon — has an upper and a lower 
culmination, and the half sum of these two altitudes gives the 
latitude of the place. 

The azmuth of a body is the arc of the horizon intercepted 
between the south point of the horizon and the foot of the 
vertical circle passing through the body. It is measured by 


z 



O, the observer's position. 

Z, the zenith. P, the pole. 

SENW, the horizon. 

SZPN, the meridian. 

EZW, the prime vertical, 

MZ,IZ,FZ, arcs of other vertical circles, 
R, a star’s position. 


ART, a parallel of altitude. ^ 

ZRM, arc of star’s vertical circle. 

Arc SM, or angle SZM, star’s azimuth, 
Ajc MR, or angle subtended by it at 0, 
star’s altitude. 

Arc RZ, star’s zenith distance. 


the number of degrees in the arc of the horizon intercepted 
between the south point and the foot of the vertical circle 
passing through the object. In the figure the star R has an 
altitude of about 55° and an azimuth 45° E. of south. (Some- 
times azimuth is reckoned from the south through the west. 
In this case the azimuth of R would be Other stars 
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may be marked on the figure, and their altitude as well as 
their azimuth or “bearing” estimated. Stars have the same 
altitude if on the same parallel of altitude, and the same 
azimuth if on the same vertical circle. Thus all stars on 
the parallel of altitude ART are at the same height above the 
horizon, and all stars on the vertical arc ZM have the same 
azimuth. A star on the vertical arc ZW two-thirds above the 
horizon would have an altitude of 6o° and an azimuth of 270° 
measured eastward from the south. 

The amplitude of a heavenly body is the angular distance 
of its rising point from the east and of its setting point from 
the west, measured along the horizon, or measured by the 
angle which this arc subtends at the observer’s position in 
the centre of the horizon. The amplitude of the fixed stars 
remains the same throughout the year, but the sun’s amplitude 
varies during the year. It is nothing at the equinoxes, and 
about 40° at the solstices for our latitude. Most of the fore- 
going definitions are illustrated by the figure. 

Altitude and azimuth are not often the most suitable ways 
of indicating the position of a heavenly body, for two reasons : 
first, because the horizon changes as we change our. position 
on the earth’s surface, or, in other words, the “ sphere of obser- 
vation ” varies with change of place ; secondly, the position 
of a star or other* heavenly body with reference. to the horizon 
is continuaUy changing at the same place owing to the apparent 
rotation of the celestial sphere around the horizon. In reality 
it is the daily rotation of the earth on its axis which causes the 
horizon to revolve and uncover the fixed stars and the imaginary 
circles of the celestial sphere, though it is often more simple 
and convenient to describe the phenomena as if the celestial 
sphere were rotating and the horizon at rest. 

ip) Second Method of defi 7 iing the Position of a Meatmly 
Body. — Decimation and Right Ascefision. — By referring the 
places of the heavenly bodies to the celestial equator as the 
fimdamental plane instead of the horizon, we obtain elements 
independent of the observer’s position, and, as far as the fixed 
stars are concerned, independent of the time (except a very 
small change to be explained hereafter). 
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The celestial poles are the points where the earth’s axis of 
rotation, prolonged indefinitely, would meet the celestial sphere. 
Any line from a point on the earth at any part of its orbit, 
parallel to this axis^ vanishes at the same points at the infinite 
distance of this sphere. The celestial equator or equinoctial is 
the great circle of the celestial sphere 90° from each celestial 
pole. It may also be regarded as the great circle in which the 
plane of the earth’s equator cuts the celestial sphere. At its 

Z 

I 



Fig. 23a 

EQWj equator. Arc SD, declination. 

SZPN, meridian. Arc XD, right ascension. 

SENW, horizon. Arc SP, north polar distance. 

highest point it is just as far below the zenith as the pole is 
above the horizon, and it cuts the horizon at the east and west 
points. 

The decli 7 tatio 7 i of a heavenly body is its distance from the 
equator measured on the arc of a great circle passing through 
the body and the pole. It is reckoned positive (+) north of 
the equator, and negative ( — ) south of it. 

The polar distance of a star is the angular distance of the 
star from the pole measured on the arc of a great circle passing 
from the pole through the star. Declination + polar dis- 
tance = 90° 

The right asccfision of a star is the arc of the equator 
intercepted between the point where a perpendicular from the 
star meets the equator and the point called the first point of 
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Aries. In other words, right ascension is the angular distance 
from the first point of Aries. Tlie first point of Aries may 
here be regarded as the fixed point on the equator where the 
sun's path, called the ecliptic, meets the equator in spring. The 
opposite point is called the first point of Libra. 

The declination and right ascension of a star, unlike the 
altitude and azimuth, remain the same during the daily rotation 
of the heavens. Right ascension is always measured eastward 
all round the equator from o° to 360°. Fig. 230 shows how 
to indicate the declination and right ascension of a star. The 
point Q is found by measuring go° from P, and the half of 
the celestial equator above the horizon meets the horizon at 
the east and west points. A point, X, is taken to indicate the 
first point of Aries. The number of degrees in the arc SD 
perpendicular to the equator measures the declination of the 
star S, and the arc XD measures the right ascension of the 
star. If the reader will draw a quadrant from Z through S, 
it will meet the horizon perpendicularly, and he will be able to 
see the altitude and azimuth of the star. 

The two systems of great circles, with the co-ordinates by 
which the position of the heavenly bodies are defined, may be 
thus briefly summarized : — 

With regard to the horizon, or the plane perpe 7 idicidar to 
the plu 7 nh-lin € — 

Altitude = distance from the plane of the horizon. 

Azimuth = distance from the south point of the horizon. 

With regard to the plane of the equator or plane of eartPs 
rotation — 

Declination = distance north or south of the equatorial plane. 
Right Ascension = distance from the first point of Aries. 

In both these cases distance means angular distance, or 
distance measured in degrees on the arc of a great circle. 

263. Measurement of Time.— Round the equator of the 
earth, which is a circle, there are 3 60 degrees. We shall find later 
on that the earth rotates so that the sun reaches its highest 
point in the heavens once every day for each place on the 
earth’s surface. When the sun is at this highest point it is noon, 
and the period of time from one noon to the next noon is called 
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a ‘'solar day.” Now, the length of time from noon to noon is 
not always the same, varying a little at different parts of the 
year. But we can take the average of these different days, and 
we call that average the mean solar day. It is used as the unit 
in all ordinary civil reckoning. 

We divide the day into 34 hours, and each hour into 60 
minutes, and each minute into 60 seconds. Now, the earth 
turns round completely, ue. through 360 degrees, in 34 hours, 
or through i degree in 4 minutes. 

Of course, we do not actually measure the flight of time by 
the rotation of the earth, though we see how our xmit of time, 
viz. the day, comes to depend on this rotation. We measure 
it\)y means of a clock, the pointers of which indicate the hours 
of the day, and which is so regulated that an hour marked by it 
is a twentyffourth part of the mean solar day. 

A clock consists of a means for counting the number of 
swings or oscillations of a pendulum, and an arrangement for 
keeping up those oscillations. It serves as a means of measur- 
ing a mean solar day and its divisions, 

264. The Sundial. — There is another method of measuring 
time sometimes used — that by means of a sundial. The use of 



Fig. 331. — Shadow cast by a vertical rod when a candle is moved round it in a semicircle. 

the sundial may be illustrated by a simple experiment. Fasten 
a small rod, OX, at right angles to a flat board (Fig. 231). With 
the board flat on the table, move a candle in a semicircle above 
the table, and note the change in the length of the shadow and 
in the angle that the shadow makes. With the candle at its 
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highest point, Q the shadow OC is the shortest. Mark the line 
Oc. As the candle moves to D and E, the shadows 0 ^/, Oe 
lengthen, and the angle made with 0^ increases. 

The essential part of a simdial is a rod or the edge of a piece 
of metal called a style^ which is placed parallel to the earth’s axis, 
and casts a shadow on the plate called the dial. The plate is 
marked out with the different hours of the day, and the shadow 
of the style cast by the sun passing over it, as the sun moves 
through the sky, indicates the time of day. As the sun rises in 
the east, the shadow falls to the west ; as the motion progresses, 
the sun moves to the south, and the shadow to the north ^ till 
at noon it is due north, and on the mark indicating XIL In 
the afternoon the shadow passes eastward. The figure (Fig. 2^3) 
shows the usual form of a horizontal sundial. This indication 
of time, depending on the motion of the sun, wiU not necessarily 
agree with the indication by a clock ; for we have pointed out 
that the tnie solar day, or length of time from noon to noon by 



Fig. 233. — Horkontal sundial^ with shadow of 
style indicating 10.15 a.m. 

the sun, is not of constant length at all periods of the year. In 
fact, the sundial indicates true solar time,” the clock indicates 
“ mean solar time.” As just stated, the style or gnomon, which 
is usually a rod or edge of a thin plate of metal, must be parallel 

‘ In the Southern Hemisphere, “south” and “north” must here he 
interchajiged. 
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Size and Shape of the Earth, 

to the eartits axis. It must, therefore, point to the celestial 
pole, and make an angle with the horizontal dial-pJate equal to 
the latitude of the place. At London this angle win be 5 ; 

at Edinburgh, 56°; and thus a dial serviceable at one latitude 
will be of no use at a different latitude. Since the daily 
apparent motion of the sun due to the earth’s rotation appears 
to carry it round the earth’s axis in 24 hours, the sun also 
appears to travel round the style of the dial, and it thus casts the 
shadow of the style upon the side of the dial away from the sun. 
At noon, when the sun is on the meridian of the' place of observa- 
tion, the shadow will be cast exactly north. As the sun appears 
to move through 15 degrees each hour, the position of other 
hour-lines on the dial-plate may be found by marking/the position 
of the shadow at the end of each movement of the sun through 
1 5 degrees. The graduations that mark the hours on a dial-plate 
are not at equal intervals, as the horizontal plane of a plate is 
not perpendicular to the earth’s axis, except at the poles. 

265. Size and Shape of the Earth. — Before discussing the 
movements of the earth, it will be well to consider the size and 
shape of the earth. The earth is a sphere, or very nearly so. 



Fig. 334. 

That it is not flat is shovui by watching a ship on the surface of 
the sea, which, in sailing away from the land, disappears as it 
were behind a hill of water, first the hull sinking out of sight, 



Fio. 235. — Showing how the roundness of the earth can be proved by means of three 
boats on a large sheet of water. 

then the sails, and lastly the very tops of the masts. A further 
proof that it is not flat is shown by arranging three posts along 
a level piece of water. The three posts A, B, C, are of the 
game height above the surface of the water. On looking with a 
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telescope so as to see the tops of the posts A and C, the top of 
the post B will be above the Hne of sight. 

The rise of what we call a great plain, Hke the level sea, 
between two observers, or the depression of the surface of the 
sea from any point, is 8 inches in one mile, 8 X 2^ in two 
miles, 8 X 3 ® in three miles, and so on for a great distance ; 
i.e. the depression is equal to 8 inches multiplied by the square 
of the number of miles. This can only be tme on a globe 
of a certain size. 

That the earth is a sphere is proved by the fact that the 
horizon, which includes the whole of the earth visible at any 
one spot, is always a circle, wherever the observer may be, and 
this circle grows larger the higher from the ground the observer 
may be. A sphere is the only surface which has this property. 
[This horizon seen from some points may be broken by 
mountains, and hence not be a circle, but at all spots surrounded 
by level ground, or by the sea, it is a circle.] 

If the earth were a plane the sun would rise and would 
reach its meridian altitude at the same time at all places east and 
west of Greenwich, that is, local time would everytvhere he the 
same. But we can soon learn by electric telegraph that this is 
not the case. When it is noon at London it will be found on 
inquiry that it is i p.m. at a place 1 5 degrees east of London, and 
that it is 7 a.m. at Philadelphia, 75 degrees west of London. 
ThQ^earth, therefore, must be round east and west. The chang- 
ing altitude of the stars as we travel north or south proves that 
it must be round in this direction also* 

Furthermore, the shadow of the earth cast by the sun on 
the moon in an eclipse is always round; and again a sphere is 
the only body which has such a property. 

The fact that the earth has often been circumnavigated in 
various directions also proves that the earth is round, and proves 
also that the earth is of limited size. 

As before remarked, however, it is not quite a perfect sphere, 
but an ellipsoid or oblate spheroid., bemg somewhat flattened 
about the poles and having a bulging about the equator (see 
Fig. 21). This is proved by finding that the length of a degree 
on a meridian circle of the earth near the pole i§ a little longer 
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than the length of a degree on the same meridian near the 
equator. It must therefore be part of a greater circle than the 
degree near the equator, for the larger the circle the longer is 
the part of it and the flatter is its curve. Further, the 
increase of the force of gravitation near the poles beyond that 
due to the decrease of centrifugal force there (par, 17) shows 
that the earth is slightly flattened at the poles. 

Fig. 236 illustrates the shape of the earth, and shows 
that the earth’s surface is less curved near the poles than at 
the equator. AB subtends the 
same number of degrees as ab^ 
but it is plainly an arc of a 
larger circle whose centre is at 
a greater distance. The length 
of AB is therefore greater than 
the length of ab. 

A degree of latitude near the 
Doles is about 69*4 miles, and 
i degree near the equator is 
ibout 687 miles, so that an 
)bserver must pass over these distances south or north at these 
Positions to produce a difference of one degree in the altitude 
)f the pole star. If the earth were a true sphere, the length of 
L degree in all latitudes would be the same. Degrees of longitude^ 
)eing measured between, the meridians, are longest at- the 
;quator, and diminish rapidly as the meridians approach towards 
he poles. 

Having foimd by measurement the actual length of a degree 
n the earth to be about 69 miles, we find the earth’s circum- 
srence to be 69 x 360 = 24,840 miles. Dividing this result 
y 2y, we find the diameter to be about 8000 miles. More 
xactly, the polar diameter is 7899*6 miles, and the equatorial 
iameter 7926*6 miles — a difference of 27 miles. 

266. Terrestrial Latitude and Longitude. — To indicate the 
osition of any one spot of the earth, we imagine circles drawn 
ver it, and draw corresponding circles on a globe which repre- 
mts the earth. The axis of the earth is the imaginary line about 
hich we shall find that the earth seems to rotate. The points 
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where this axis cuts the surface are called the 7 iorth and south 
poles. All places equally distant from the two poles are on a 
great circle called the equator. Smaller circles drawn on the 
globe parallel to the equator are called pai'allels of latitude ; and 
these are drawn on both sides of the equator, being smaller the 
nearer they are to the poles. They are drawn at equal intervals, 
and, as on the quadrant of a circle from the equator to the pole 
there are 90 degrees, these circles are marked off in degrees, 
the equator being 0°, the next circle being called 10° north 
latitude, or south latitude, as the case may be, the next 20°, and 
so on j the last circle being really a point of the pole itself, 90 
degrees from the equator. Of course, we might have more 
circles than are here indicated, as the intervals might be i 
degree or 5 degrees instead of 10 degrees. All places on the 
same parallel circle have the same latitude. 

Other circles are drawn, all of the same size, and all. passing 
through both poles, cutting the equator and all parallels of 
latitude at right angles. The intervals between these circles 
are equal at the equator, and are also equal when they cut the 
parallels of latitude, but the intervals in the latter case are 
smaller than in the former, as the equatorial circle is larger than 
any of the other circles of latitude. These new circles are 
called circles of longittide^ or fneridians (L. meridies^ midday), 
because when any of these lines is opposite to the sun, it is 
midday or twelve o’clock at all places situated on that meridian 
on the same side of the globe, and midnight on the opposite 
side. They are indicated by degrees ; and as there are 360 
degrees round the equator, we start from one of the circles of 
longitude and reckon 180 degrees each way, that is, eastward 
and westward, till we come to the point opposite to that from 
which we started. 

In England we reckon as the first meridian, or 0°, the circle 
of longitude which passes through Greenwich, and comit the 
longitude eastward and westward from the starting-point. In 
other countries other first meridians are sometimes taken, though 
there is now an almost general agreement to adopt that of Green- 
wich. If, then, we are given the latitude and longitude of a place 
on the earth, we can easily indicate its position on a sphere. 
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The degrees of latitude a« seen on many maps are drawn at 
equal intervals, though this is not absolutely correct, owing to 
the slight flattening at the poles. Hence a degree of latitude 
may be taken as equal to about 69 miles; for 24,858 miles (the 
mean circumference) divided by 360 is equal to 69 nearly. 
The Imes of longitude, however, vary in their distance from one 
another, approaching towards the poles where they meet in a 
point. Hence a degree of longitude is about 69 miles at the 



Fig. 237. — Lines of latitude and longitude, 

equator only, its length becoming less and less as we get nearer 
the poles. Thus at London, N. lat., a degree of longitude 
is only equal to about 42 miles. 

We shall presently prove that the phenomena of day and 
night are the result of the rotation of the earth on its axis. It 
will thus be plain that places not in the same longitude will not 
have their noon at the same time. The earth turns completely 
round, through 360 degrees, in 24 hours, and therefore 
through 15 degrees in i hour, or through i degree in 4 
minutes. Hence a place 10 degrees east of Greenwich has its 
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noon 40 minutes before Greenwich, while at a place 10 degrees 
west of Greenwich it is 11.20 a.m. when it is noon at Greenwich. 
The pupil will thus see how to find the time of the day at any 
place in the world, “ local time ” as it is called, corresponding 
to any particular time at another place, having given the longi- 
tude of the two places. It is also worthy of note, that as the 
mean circumference of the earth is 24,858 miles, and as it 
rotates on its axis once in every 24 hours, every place on 
the equator must be carried round at a rate of more than a 
thousand miles an hour. As we remove from the equator the 
.circles of latitude become smaller, and their rate of motion pro- 
portion ally less. Thus at the 60th parallel the rate is only five 
hundred miles an hour, while at the poles the motion ceases 
altogether. 

'267. The Zones of the Earth. — Certain parallels of latitude 
divide the earth’s surface into five natural divisions termed 
Forth Pole zones. As will shortly be 

explained, the position of 
these dividing parallels of 
latitude is fixed by the 
apparent yearly move- 
ments of the sun north 
and south of the celestial 
® equator along the ecliptic. 
The part of the earth be- 
tween the parallels of 23^ ° 
north and south of the 
equator (more exactly 
23° 27') is called the Tor- 
rid Zone, and the bound- 

Frc. 338. — Illustrating the zones into which the Ulg parallels are the 1 TOpic 
earth is divided. 

side, and the Tropic of Capricorn on the south side. The 
parallel of 66-^° north latitude is called the Arctic Circle. 
The belt of land round the earth between the Tropic of Cancer 
and the Arctic Circle is called the North Temperate Zone, 
'rhe parallel of 66-J° south latitude is called the Antarctic 
Circle, and the belt of land between it and the Tropic of 
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Capricorn is the South Temperate Zone. The regions round 
the two poles bounded by the Arctic and Antarctic Circles 
respectively are called the Frigid Zones. 

268. How a Day is lost or gained in going round the World. 
' — Travelling westwards, or towards sunset, causes the sun to 
set later and to rise later, and the day, as measured from one 
meridian passage of the sun to another, is more than 24 hours 
long. The local time of the places reached continually gets slower, 
and the traveller moves the hands of his watch back i hour for 
every 15 degrees of longitude westward. If he were to start 
from Greenwich and proceed westwards round the earth, in a 
certain number of rotations of the earth he would see one less 
than this number of noons, and record one day less ; i.e. he 
would have made turns with respect to the sun, while the 
observer who remained behind had made ti turns. Hence on 
reaching the place from which be started, he appears to have 
‘^ost a day,’’ being one day of the montli behind, though it is 
really made up of the hours that he puts his watch back. 
Similarly, a traveller going round the world eastward finds the 
local time continually getting faster, puts his watch forward, and 
seems on his return to have ‘‘ gained, a day.” In order to keep 
the dates right, therefore, mariners going westw^ard add on a 
day when crossing the meridian 180° from Greenwich, and di*op 
a day when crossing the same meridian going eastward. 

269. How to find the Meridian of any Place, and the 
Cardinal Points. — ^The meridian of any place is the line pass- 
ing from the north pole to the 
south pole through that place, or 
it may be described as the line 
joining the north and south points 
of the horizon. This line may be 
found in several ways. By setting ^ 
up a vertical rod on a plane sur- 
face and finding the direction of Fig. 239.- Method of finding the 
the shadow at noon when it is 

shortest, we shall obtain tire direction of the meridian or north- 
and-south line. It is so difficult to settle when the shadow is 
shortest, that it is best to draw one or more circles round the rod 
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and note the direction of the shadow when the point just reaches 
a circle before noon, and when it just reaches the same circle 
after noon. The line bisectmg the angle between these two 
shadows is the meridian line. We might also find the meridian 
line by drawing a line from a fixed point to the rising sun, and 
from the same point to the setting sun. The line bisecting 
this angle would also run north and south. A line at right 
angles to the meridian would run due east and west, and thus 
the cardinal points would be determined. We may also fix the 
meridian by means of the stars. A telescope pointing to any 
star when at its greatest altitude above the horizon or at the 
moment of transit, would be pointing along the meridian,^ A 
telescope pointing to the pole star, or more accurately the point 
about wliich it appears to turn, would be pointing in the plane 
of the meridian, and the north point of the horizon is vertically 
beneath the pole in north latitude. We can also find the geo- 
graphical meridian by means of a mariner^s compass if we know 
the declination or variation of the needle at the place of obser- 
vation (see par. 260). 

270. Apparent Daily Eotation of the Heavenly Bodies. — 
Our earth is a globe situated in celestial space and surroxmded 
by other globes at various distances from it. We have already 
mentioned how the celestial sphere seems to rotate each day, 
causing the sun, moon, and some of the stars to rise and set. 
Thus the sun rises daily above the eastern part of the horizon, 
ascends slowly to its highest elevation, and then slowly descends 
along the same arc to sink in the west. When at its highest 
point it is noon, and the centre of the sun is exactly over the 
meridian of the place of observation. We say, therefore, that 
the sun crosses or. transits the meridian when at its greatest 
altitude each day. It is evident that different places on the 
earth's surface may be on the same meridian and have their 
noon at the same time, but it can never be noon on two 
meridians at the same time. The time between two successive 
passages of the sun across a meridian is called a solar day^ and 

' A more accurate result will be obtained if a star be observed by means 
of a suitable telescope when it is at the same altitude east and west of the 
meridian, for the mean of the two readings of the azimuth circle will give 
the exact direction of the meridian. 
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is equal to about 24 hours of clock time. We say “about'' 
24 hours of clock time, because, as will shortly be shown, the 
true solar day, or actual interval of time between two meridian 
passages of the sun, is not of the same length at all parts of the 
year, and it is the average of the different solar days in a year, 
or “ the mean solar day,” which is exactly 24 hours of clock 
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Fig. 340. — Three positions of the Plough (Great Bear^and the Pole Star in their 
daily revolution round the pole. 

time. The diurnal paths of the stars have been already referred 
to (see par. 261). Looking towards the pole star, which can 
always be found on a clear night by the pointers of the Great 
Bear, or Plough, as its seven stars are also called, we find the 
stars describing daily circles of various sizes round the pole of 
the heavens, and a first examination may therefore lead us to 



3 32 Elementary Physiography. 

suppose that the various celestial bodies external to the earth 
perform a daily revolution from east to west around a line or 
axis terminating at the pole star, all completing their revolution 
in the same time. But this is really not the case, for there is a 
more satisfactory explanation. The earth, m fact, rotates daily 
on an axis, carrying with it the atmosphere and clouds, which 
are indeed a part of it. 

The Pole Star, in fact, describes a small circle round the true celestial 
pole every 24 hours. The diurnal paths of other stars are also circular 
round the celestial pole, the size of the circle increasing with distance from 
the pole. On exposing a photographic plate during the night with the lens 
of the camera directed north and upward to the pole, a series of concentric 
arcs of circles will be traced on the plate the length of the arcs depending 
on the distance of the stars from the pole, and on the time of exposure. 
ITius six-hour trails on the plate would give one-fourth of the diurnal circle 
of a star, provided no clouds intervened. 

271. Rotation of the Barth on its Axis. — Let us con- 
sider what happens when we are in motion in a railway train, 
or on a steamboat. If we look out of the window, the trees, 
telegraph poles, and all bodies external to the train, which we 
know to be stationary, appear to be in rapid motion in a 
direction contrary to our motion. The deception is greater if 
the train or steamboat moves very smoothly, without any jerks 
or jolting. Indeed, with a very smooth motion we might 
think that we are stationary, and all outside objects are 
moving rapidly past us \ but on closer investigation we should 
really find that outside objects were stationary, while we were 
moving rapidly in an opposite direction to that in which we 
thought the objects were moving. 

Now let us apply this, on a larger scale, to the whole earth 
and bodies external to it. The daily motions of sun, moon, 
and stars are explainable by supposing that we and the earth 
on which we stand are stationary, while those bodies move uni- 
formly round us. But these apparent motions are equally ex- 
plainable by supposing that these bodies are fixed in different 
positions round the earth, and the earth rotates round in a 
direction opposite to that in which they seem to move, />. 
the earth must turn from west to east, for they seem to move 
from east to west. This rotation of the earth would account 
for the rising in succession of the sun, moon, and the different 
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stars, which follow one another to the west, and disappear, 
only to reappear in the same manner on the succeeding day. 
Everything on the earth moves with it, and moves smoothly, 
and thus the motion is not evident to our senses. Are we, 
then, to suppose that these heavenly bodies move round the 
earth, or that the earth rotating itself gives them an apparent 
motion ? We have very good reasons for supposing that it is 
the earth which rotates, and thus gives us the daily rising and 
setting of these external bodies. The reasons are — 

(1) All of these bodies are very distant from the earth, the 
stars especially being very far distant, so that they would have 
to move at an immensely rapid pace to get round the earth in 
one day, as they seem to do \ while on the contrary, it would 
be at a comparatively slow pace that the earth would have to 
move round on its own axis so as to make one complete turn 
in the single day. The external bodies are then considered to 
be stationary. It seems more reasonable that the earth turns 
thus slowly than that they move at such an immense pace. 

(2) All these external bodies appear to move round us in 
exactly the same time — one day, or 24 hours. If we con- 
sider how they are scattered over all the different parts of 
the heavens, and at different distances from the earth, we 
should not expect all fo move round us in the same time, unless 
indeed they were connected by some means, such as rods and 
bars, with one another. We see no signs of any such connec- 
tions, however, between these different bodies. If we suppose 
that the earth rotates whilst they are stationary, then at once 
we see that they will appear to move in a direction opposite to 
that in which the earth rotates, and that they will appear to 
follow one another at a uniform rate, and will accomplish the 
journey in exactly the same time, viz. one day, which is the 
time the earth takes to perform one rotation, so that there is no 
need of any connecting rod. 

(3) We find, on careful measurement, that the earth is not 
exactly a sphere, but that it is slightly flattened at the poles and 
bulges somewhat at the equator. Thus a straight line through 
its centre from pole to pole is about 27 miles shorter than a 
straight line through its centre at right angles to the first straight 
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line. Geologists tell us that the earth was once soft and plastic, 
and if this were so, it has been calculated that a rotation about 
its axis would have caused it to assume the shape that it now 
has. Thus a rotation of the earth about its own axis will explain 
its present shape. (See par. 36.) 

(4) If we observe those external bodies called planets, we 
find, by means of our telescopes, that each of them is a globe 
revolving around its own axis. Hence it seems very probable 
that the earth, which is a similar globe, will also revolve about 
its own axis. 

The above are only reasons for believing that the earth 
rotates about its axis, but there are other evidences which amount 
to actual proofs. 

Proof . — The top of a tower is farther from the centre of 
the earth than the bottom is, and hence in one rotation of the 
earth moves through a greater distance 
than the bottom does. Thus in Fig. 241, 
where TB is supposed to represent the 
tower, it is evident that in a revolution 
the top T will describe a larger circle 
than the base B, and so travel a greater 
distance. Now, as the top completes its 
revolution in the same time as the 
bottom, it is evident that it must move 
faster than the bottom. We suppose that 
the earth rotates from west to east, and, 
if this be so, the top of the tower moves eastwards faster than 
the bottom does. Thus if a stone be dropped from the top of 
a vertical tower it starts with an eastward velocity greater than 
that of the bottom of the tower, and as in its fall it preserves 
its greater velocity it should fall a little to the east of the 
bottom. This experiment was performed at Hamburg from 
the height of 250 feet, and the deviation was found to be 0*35 
inch to the east. Hence we conclude that there must be a 
revolution of the earth from west to east. Let C (Fig. 241) be 
the centre of the earth, T the place from which the body is let 
fall, TB the vertical line in direction of the centre. When the 
body reaches the earth, let th be the position of the vertical 
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line in consequence of the earth’s motion in the interval. Take 
Bf = Tt, and /will be the place of the body, because the body, 
leaving the top of the vertical with amotion equal to the motion 
of the top, is, at the end of its fall, as far from the first position 
of the bottom of the vertical as the top of the vertical itself is 
from its first position. But Btf is less than Tt, and therefore 
than Bf in the proportion of CB to CT ; consequently /is to 
the eastward of If. This is on the 
supposition that the place is at the 
earth’s equator, and it may suffice for 
an illustration.^ 

2n^ Proof. — We take a long 
thread ; fixing one end to the ceiling 
of a room or other convenient point 
of attachment, and fastening a heavy 
weight to the other, we form a pen- 
dulum. The string remains at first 
in a vertical direction. Now place a 
table under it and draw the weight 
towards you, and then let it go, so 
that it swings backwards and for- 
wards through its former position. 

Care has to be taken at starting not 

,, , . . , . , . Fig. 2.(3.— Pendulum experiment to 

to pull the weight sideways, or it will prove earth's rotation. 

not swing back through its former position. 

On the table mark the farthest position to which the weight 
.swings at each end of its journey. We shall find that our 
marks on the table are slowly and regularly going round in the 
same direction as the hands of a watch. Hence the table 
must be moving, and therefore the earth is also moving. 
For it is easier for the thread or wire which supports the 

^ To find the exact time of the earth’s axial rotation, we only require to 
determine the length of the sidereal day by finding the interv^al between 
two successive transits of tlie same star. Astronomers do this with the aid 
of a transit telescope, which is so mounted as only to move up and down 
in the meridian of the place where it is used. If an observer having an 
accurate watch, fix two strings or wires vertically at a short distance apart, 
and then, keeping them both in the line of sight, watch the same star cross 
them on two successive nights, he will find the time of the earth’s rotation 
to be about 23 hours 56 minutes. 
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pendulum to twist than for the heavy weight to alter its course 
of swing. 

The figure shows how this experiment may be carried out. 
B is the point of suspension of the pendulum, which hangs 
vertically over the point where the two lines uv cross on 
the table. The pendulum is drawn out along the line mn to 
the point A, and then let go, swinging backwards along the line 
nm. It continues its oscillation backwards and forwards, but 
if watched it will be found that the direction of its oscillation is 
slowly twisting round from the position 7 im to uv—m fact, 
twisting round in the direction of the hands of a watch in the 
Northern Hemisphere, and in the opposite direction in the 
Southern Hemisphere. If the oscillation is kept up long 
enough, the plane of oscillation will make a complete circle. 
Now, it can be proved that a pendulum having a free motion at 
its pivot, when set swinging, keeps its direction in space, what- 
ever change of position its support may undergo. Its change 
of path over the floor or table above which it swings must 
therefore be due to the rotation of the earth with the objects 
upon it beneath the pendulum. The fact that the plane of 
oscillation turns towards the right in the Northern Hemisphere, 
and in the reverse direction in the Southern, shows that the 
earth rotates from west to east. This experiment was first per- 
formed by Foucault, who swung a pendulum from the dome of 
the Pantheon at Paris in 1851. The rate of change in the direc- 
tion of the plane of oscillation of a swinging pendulum decreases 
from the pole to the equator. At the pole it amounts to a com- 
plete circle in 24 hours, or 1 5° in one hour ; at London it is a little 
over 11° in an hour ; at Cairo about 8° ; and at the Equator 0°. 

•yrd Proof . — The easterly direction of the trade winds can 
only be explained by supposing that the earth rotates from 
west to east. The currents of air passing towards the 'hotter 
parts of the earth undergo, in consequence of the earth’s 
rotation, a deviation towards the right in the Northern Hemi- 
sphere, and towards the left in the Southern, so that winds 
from the north become north-east winds, and winds from. the 
south become south-east winds. A deviation in certain ocean 
currents is also explained by the earth’s rotation. 




Kig. 343. — Foucault's experiment in northern hemisphere, proving' the rotation 
eartn from west to east by the apparent deviation of the plane of oscillati. 
pendulum to'wards the right. 
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We have thus sufficiently proved that the earth rotates on 
its axis once a day, and that this diurnal rotation gives us the 
daily risings and settings of the sun, moon, and stars — causing, 
in fact, the celestial sphere to revolve round an imaginary axis, 
which is the axis of the earth produced to the sphere of the 
heavens. One effect of this daily rotation of the earth is that 
the earth will evidently turn first one half and then the other 
towards the sun, and we get the ever-recurring phenomena of 
day and night. We will now, however, consider more par- 
ticularly this rotation as far as it affects the motions of the stars 
at different distances from the poles. 

272. Daily Appearances of the Stars in Different Latitudes. 

Each place on the earth has its sphere of observation, with 



its own zenith and horizon. 
Imagine an observer at the 
north pole ' of the earth. 
Then the zenith or point 
straight overhead and the 
north pole of the heavens 
will coincide, and the true 
or rational horizon will co- 
incide with the celestial 


s equator. The heavens will 

appeatto revolve round the 
zenith, each star describing 
a circle parallel to the horizon. These parallel circles in- 
crease in size as we pass from the pole to the equator. No 
star on this “parallel sphere” rises higher or sinks lower, 
and an object upon the equator wiU perform its diurnal motion 
round the horizon. One half of the heavens will be con- 
tinuously visible, turning rpund once each day, and the other 
half below the horizon will never be visible. 

Let us consider the appearances to an observer on the 
equator (Fig. 245). c is the observer ; N and S the points 
on the horizon respectively north and south. E is his zenith, 
fhe celestial equator is the circle passing through EQ, being, 
of course, vertical to his horizon, and perpendicular to NS, 
which IS parallel to the earth’s axis. The heavens seem to 
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revolve about this axis NS, and thus stars rise on all parts of 
the eastern horizon, describe circles parallel to the equator, 
and set in the west. Every 
star rises in some part of 
the day, and sets twelve 
hours later, describing a 
semicircle above the hori- 
zon, these semicircles get- 
ting smaller and smaller 
the farther the star is to 
the north or south. 

Let us now consider 
the appearances to an ob- 
server who is between the 
equator and the north pole 
(Fig. 246). The celestial sphere has this appearance. N is 
the north pole ; EQ the circle of the equator, intersecting the 
horizon obliquely, HO being the horizon. The heavens appear 
to revolve about an axis passing through the centre of the 
sphere and through N, this 
being at right angles to the 
equator. All stars appear to 
describe circles, like ^D, paral- 
lel to the equator. It will be 
noticed that the stars to the 
north of the equator are above 
the horizon for the greater part 
of their path, below it for the 
smaller part. On the southern 
side of the equator the reverse"* 
is the case ; they will be above 
it for the smaller part, below 

it for the greater part; A star above 0 will describe a path, 
like //, such that it is never below the horizon, thus never 
rising nor setting. These stars are aalled circumpolar stars. 
Stars below H never appear above the horizon, and so are 
never seen. The greater part of the heavens are visible at 
some time of a complete day, the parts below H being the 



Fig. 246. — Oblique sphere at mid- 
latitude. 
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only parts never above the horizon. These parts are, of 
course, just equal in extent to the parts above O, that is, the 
paits in which are the circumpolar stars which never set. We 
get similar appearances at different positions in both the 
Northern and Southern Hemispheres, the only difference being 
that the nearer we go to the equator the lower the celestial 
pole is, and consequently the fewer circumpolar stars there are, 
and the fewer stars which are never visible. 

In fact, the celestial equator is inclined to the horizon, at 
all latitudes between the equator and the pole, at an angle 
equal to the distance of the poles from the zenith. Fig. 246 
is drawn for latitude 45° N., and Fig. 228 is drawn for the 
latitude of London, 51-^° N. 

The appearances of tlie stars, then, owing to the daily 
rotation of the earth, are different at different parts of the 
earth. 

(1) At the poles stars never rise or set, and the same half 
of the heavens is continuously visible. 

(2) At the equator all stars rise and set, and in one com- 
plete day the whole heavens have been visible. 

(3) Between the poles and the equator we have stars which 
rise and set, circumpolar stars that never set, and stars which 
never rise, the parts of the heavens in which these last are 
being the only parts never visible. 

The number of circumpolar stars, and of those that never 
rise, increases as we take positions further from the equator 
towards either pole of the earth. 

The student should practise drawing a diagram of the 
celestial sphere for any latitude, and then indicate upon it the 
diurnal path of stars having a given declination or distance 
from the equator. To do this, draw a complete circle to 
represent the meridian of the celestial sphere, the observer 
being at the centre of this sphere. A horizontal great circle 
(shown as a flat ellipse) bisecting the meridian will represent 
the rational horizon. The horizon meets the meridian at the 
north and south points, and divides the celestial sphere into a 
visible half and an invisible half. The zenith will be 90° 
above any point on the horizon, that is 90° from the north or 
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south points, and the nadir will be 90° below the horizon. 
Remembering that the elevation of the pole is equal to the 
latitude of the place of observation, find a point as many 
degrees above the north point of the horizon as the observer's 
latitude, and this will give the north pole of the heavens. The 
south pole of the heavens will be just as far below the southern 
point of the horizon as the north pole is above the north point 
of the horizon. To obtain the celestial equator, draw a great 
circle 90^^ from the poles, dotting the half on the west side of 
the horizon. The points where the celestial equator cuts tl:ie 
horizon are the east and west points (see Fig. 228). To draw 
the diurnal path of a star whose declination is 30*^ N., draw a 
circle parallel to the equator at this distance above the equator, 
and the required path is obtained. To draw the diurnal path 
of a star with declination 75^ N., we require a parallel circle 
at this distance north of the equator. For a star with declina- 
tion 60° S., we require a circle parallel to the equator at this 
distance south of it. Where the diurnal circles of the stars 
meet the horizon indicates their rising and setting points. The 
angular distance of the rising point of a star from the east 
gives the amplitude of the rising star, while the distance of its 
setting point from the west gives the amphtude of the star at 
setting. If a star’s diurnal circle does not intersect the horizon, 
it is the diurnal circle of a circumpolar star if its declination is 
north; it is the diurnal circle of a star that is never seen north 
of the equator, if its declination is south. 

Fig. 228 is drawn for the latitude of London, 51^° N. 
MM' is the celestial equator, and a star or other heavenly body 
on the equator has declination 0°, It rises exactly in the east, 
and sets exactly in the west. A star rising at e between the 
east and north has a decimation, the arc M;?z, of about 2^^°^ 
and is carried to its highest point at ni on the meridian, and 
then descends to set at between the west and north. More 
than half its diurnal circle is above the horizon. The stars 
rising at N and s are circumpolar stars, describing the whole 
of their diurnal circles above the horizon. They culminate or 
reach their highest point on the meridian at N' and respec- 
tively. The arc MN' is about 40°, and this gives the north 
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declination of the star whose path is the circle NN'. What is 
the north declination of the star whose path is represented by 
r/? The star rising at / culminates on the meridian at n and 
sets at only a small part of its diurnal circle being above 
the horizon. What is the south declination of this star ? The 
paths of two other stars that are never visible in the Northern 
Hemisphere are shown. Find the south declination of each. 

From our study of the paths of the stars, we can add to 
the numbered statements already made the following : — 

(4) At all latitudes in the Northern Hemisphere between 
the poles and the equator, the stars whose distances from the 
north pole are less than the latitude of the place are circum- 
polar stars, the stars wh©se distances from the opposite pole 
are less than the latitude of the place never become visible, 
while stars included between these limits rise and set. The 
daily courses across the heavens of the stars that rise and set 
are greater or less than 12 hours, according as they have north 
or south declination, for it must be remembered that the daily 
courses of all stars, however great or small their diurnal circles, 
are accomplished in the same time, viz. 24 hours. 

273. Yearly Changes in the Appearance of the Sun, — 
Revolution of tJu Earth . — Besides the daily rotation of the 
earth and its effects in producing an apparent daily motion of 
the sun and stars, we will consider another apparent motion 
of the sun. If we observe, for many nights in succession, the 
stars which first appear on the horizon in the west after sunset, 
we shall find them to be slowly, and continually changed. 
Those stars which we first saw on the horizon after sunset will 
be found to have set before the sun, and other stars will be on 
the horizon which formerly appeared higher up in the heavens. 
If we observe the east also we shall find that those stars which 
we saw first on the horizon at the beginning of our observations 
are higher in the heavens when they have become visible after 
sunset. The longer we continue our observations the higher 
will the last-mentioned stars appear, and in the course of some 
months the first-mentioned stars, which have set in the west 
before sunset, will reappear in the east after sunset. These 
effects can be explained by supposing that the sun has a 
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motion from west to east round the heavens, passing over the 
stars. This motion is quite independent of the daily motions 
which affect the sun and stars alike. It is a slow motion — in 
fact, we should have to watch a whole 
year to see one revolution completed. 

Thus we have an apparent motion of 
the sun round the heavens in one year’s 
time. However, we remember that there 
was an apparent daily motion of the 
sun -round the earth from east to west, 
which was found to be not a motion of 
the sun, but a daily revolution of the 
earth from west to east, which gave an 
apparent motion to the sun in the op- 
posite direction, viz. from east to west. 

Is this yearly motion of the sun real, 
or only an apparent motion of the sun 
due to some rotation of the earth? To 
answer this we must see if there is any 
possible motion of the earth which would 
give us such an apparent yearly motion 
for the sun. We remember that it has 
a daily revolution on its axis from west 
to east, which made the sun seem to 
revolve daily from east to west ; it could 
not have also a yearly revolution on its 
axis which could give this fresh yearly " 
motion to the sun. But instead of the 

sun moving round the earth in a year, the earth could move 
round the sun in a year. We must see if this supposed motion 
of the earth would explain the apparent motion of the sun. 
But we must remember that it is a yearly motion, quite inde- 
pendent of the daily revolution of the earth, and for the 
present we may leave out of consideration the daily motion. 
We will first take the supposition that the sun moves round 
the earth from west to east amongst the stars. 

Let S represent one position of the sun, E the position of 
the earth, A, B, C, D, stars beyond and behind the sun. 
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(These stars would not be visible hi the sunlight, but 
we know they must be there, for we can see them at another 
part of the year when the sun is not in that part of the 
sky.) 

When the sun is at S it appears in front of the star we call 
C ; in a few days it seems to move eastward to S', when it is 
in front of the star D, and then seems to continue in its east- 
ward motion till finally in a yeads time it has again come 
round to the position S. But this apparent motion of the sun 
is equally explained by supposing the sun fixed at S, and thq 
earth to move from E in the opposite direction — ix, westward.^ 
Thus when the earth is at E, the sun, now supposed fixed at S, 
appears in front of the star C \ when the earth has moved to 
E', the sun at S appears in front of the star D \ and as the 
earth moves gradually westward from E to E', the sun will 
appear to move eastward, passing from its position in front of 
the star C till it appears in front of the star D. Thus a real 
motion of the earth westwards gives an apparent motion to the 
sun eastwards. If the earth complete its journey round the 
sun in one year, the sun will appear to move round the heavens 
in a year also. 

Therefore we see that the apparent yearly motion of the 
sun round the heavens can be explained either by supposing 
the earth moves round the sun or the sun round the earth. 
We have to decide which is the correct supposition. 

Froth our experiences of the train, and conclusion with 
regard to the daily revolution of the earth, we know that if the 
earth and aU it contains move smoothly, then our sensations 
will not tell us that we are in motion. Thus the earth may be 
moving round the sun, although we do not feel the motion. 
For this motion we shall, as before, give as evidence both 
reasom and actual proofs, 

274. Reasons for believing the Earth revolves — 

(i) We find out that the sun is more than a million times 
as large as the earth, so it would seem more reasonable that 

^ Westwjird — i.e, from left to right, when we consider the motion from 
the earth, and looking towards the sun ; but looking from the sun at the 
earth it would appear to move firom right to left — i.g, eastward, round the 
sun. In the text we continue to speak of it as a westward motion. 
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the small earth should move round the large sun than that the 
sun should move round the earth. 

(2) We have once before mentioned the planets. These 
are bodies which appear to the eye like stars, but which, on 
being closely watched for long periods, seem to wander amongst 
the rest of the stars in peculiar ways, sometimes advancing, at 
other times receding, and at other times remaining stationary. 
There are five such planets visible to the naked eye, and more 
visible to the telescope. Through the telescope, two of those 
five are particularly noticeable for presenting phases like the 
moon ; and these two, moreover, at rare intervals, have been seen 
to pass as black dots across the sun. All these peculiarities of 
motion and of phases can be easily explained by supposing that 
these planets revolve round the sun at different distances and in 
different periods, and that the earth is only another planet, also 
revolving round the sun at its own distance and in its own 
period. No other theory will sufficiently explain all these 
appearances of the planets, therefore it seems likely that this 
revolution of the earth round the sun is the true theory. 

275. Proofs of the Revolution of the Earth.— We cannot, 
as we did before for the daily rotation, find direct proofs on the 
earth itself for the yearly revolution round the sun ; we- must look 
to outside bodies. In one of the following proofs the question 
of the velocity of light occurs ; hence we pre- 
mise the statement that the velocity can be 
measured by instrumental means on the earth 
itself, and is found to be about 1 5 6,000 miles 
per second. 

Proof I- Ahejrafion of Light . — Let us sup- 
pose that we want a drop of water to fall down 
a tube without wetting its side. If the tube is 
at rest, we hold it vertically in the direction XS, 

If the tube is moving, it must be held slanting, 
so that the drop falls in at the top when the 
tube is at AB, and falls down to A while the 
tube has moved forwards to XY. The faster 
the tube moves the more must we slant it in order that the drop 
may fall down.^ So it is with the light from a star. If we were 
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Fig. 248. 
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motionless we must point our telescope directly at the star, but 
if we were moving we must slant our telescope so that the ray 
of light may proceed down it. We find that this slanting of 
the telescope varies throughout the year, and that the star 
appears -to revolve in a circular motion round what we know 
is its true position. This apparent revolution of the star must 
be caused by a revolution of the earth. 

Let us consider this further, for we repeat that this dis- 
placement or aberration (Lat. erro.^ I wander) of a star can only 
be due to the combination of the orbital motion of the earth 

with the motion of light. It is 
perhaps the most convincing proof 
that the earth revolves round the 
sun, and not the sun round 
the earth. Thus when the earth 
is at the point A in its orbit (Fig. 
249), and moving perpendicularly 
to a star situated at S^, this star is 
displaced in the direction of the 
earth’s motion, and is seen at S^. 
c The amount of this displacement 
is a small angle of 20*5'', and is 
_ ■ . dependent on the proportion be- 

Fig. 049.— Aljcrration of a fixed star. , , , -r . , i . 

tw^een the earth s orbital velocity 
and the velocity of light. As the earth proceeds in its orbit 
the star keeps, as it were, before it, describing, in fact, a small 
elliptical orbit round its true position. The longer axis of this 
abeiTation ellipse is always 41", or twice the angle of displace- 
ment, 2o'5'^; but the shorter axis of the aberration ellipse 
depends on the position of the star with reference to . the 
plane of the. earth’s orbit, the ellipse becoming more and more 
flattened as the star approaches this plane. If the star is in 
the plane of the earth’s orbit, so that its celestial latitude is 
zero, the aberrational displacement is a mere line. The value 
of the small angle of displacement, called the “constant of 
aberration,” enables us, from the known velocity of light 
(] 86,000 miles per second), to calculate the velocity of the 
earth in its orbit, and from that to find the distance of the sun. 
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The average velocity of the earth in its orbit is found to be 18*5 
miles per second, and tlie mean distance of the sun is then 
found to be about 93,000,000 miles. 

Proof II . — If we look at a distant object from a fixed 


position, it appears thrown or projected 
upon the sky or other backgroimd at 
a certain point. On changing our 
position and looking at the same ob- 
ject, it appears to meet the sky at a 
dilferent point. This apparent dis- 
placement of an object observed due 
to a real change in the position of the 
observer is called the parallax of the 
object, and the angle whose vertex is 
at the centre of the object observed, 
and whose sides pass to the two points 




Fig. 251.— Parallax of fixed 
stars. Half the angle shown 
is the annual parall«. 


of observation, is called the angle of parallax. Now, if we 
were to look at any of the fixed stars from a certain point 
on the earth, and then could instantly pass to the other end 
of that diameter of the* earth, nearly 8000 miles away, we 
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could not detect any parallax for a star, so vastly distant are 
they. Even when viewed from opposite sides of the earth’s 
orbit, 186,000,000 miles apart, most of the fixed stars are so 
distant that they do not suffer any apparent displacement. A 
few, however, do show a slight parallax, and this is another 
proof of the earth’s revolution round the sun. Fig. 251 illus- 
trates the parallax of certain fixed stars, though the size of 
the earth’s orbit in relation to the distance of the stars is 
greatly exaggerated. The angle formed by two lines passing 
to a star, one from the centre of the earth’s orbit, and the 
other from a -point on the orbit, is called the annual parallax 
of the star, i.c. it is the angle subtended at the star by the 
radius of the earth’s orbit. The annual parallax of certain 
fixed stars is a proof of the earth’s revolution round the sun. 
(Those stars that have an annual parallax appear to describe 
a small ellipse each year, but this ellipse must not be con- 
founded with the aberration ellipse, for its cause is quite 
different ; its size varies with the amount of annual parallax, 
and the motion is in an opposite direction to that of the 
earth.) 

276. The Earth’s Orbit. — The earth’s orbit, as we have 
said, is its path round the sun. This path is in one plane, 



Fig. asa.— Showing how an oval or ellipse 
can be marked out. 


and is very nearly, but not 
exactly, a circle. It is strictly 
an ellipse. An ellipse can be 
thus described. Two pins, j* 
and s\ are stuck in a piece 
of paper, and a loop of cotton 
put over them. This loop is 
tightened by a pencil at P, 
and, keeping the loop tight, 
the pencil on moving round 
the pins will describe the 


ellipse PP^?/;AB. and^ are called foci of the ellipse. 
In the case of the earth’s orbit the foci are comparatively close 


together, and hence this ellipse looks almost like a circle. The 
sun occupies one of these foci, and thus the earth is not always 
at the same distance from the sun. ‘ At the shortest distance 
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the earth is said to be in perihelion (near the sun) \ at the 
furthest distance it is in aphelion (away from the sun). These 
positions of the earth occur respectively on January i and 
July I (see Fig. 277). 

We may remark that, though the earth’s orbit is elliptical, 
yet it approaches so near a circle that if we were to represent 
it to exact scale in this book, the figure would be indistinguish- 
able from a circle. 

The eccentricity of an ellipse is the displacement of a focus 
from the centre, and is expressed by a fraction with this dis- 
tance for the numerator and half the major axis for the de- 
nominator. The smaller this fraction, the nearer is the ellipse 
to a circle. The eccentricity of the earth’s orbit is only 
about ^ ^ 

The earth is one of eight planets revolving round the sun 
in elliptical orbits. 

277. Kepler^B Laws. — Kepler’s First Law states: “The 
earth and the other planets revolve in ellipses with the sun 
in one focus.” Ne'wton explained this law by showing that 
the force acting on each planet varies inversely as the square 
of its distance from the sun, 

Kepler’s Second Law states : “ The radius vector of each 
planet moves over equal areas in equal times.” Newton con- 
cluded from this that the force causing a planet to describe 
its orbit is a central force always acting along the radius vector 
in the direction of the centre of the sun. 

Kepler’s Third Law states : “ The squares of the periodic' 
times of the planets are in proportion to the cubes of their 
mean distances from the sun.” This law was explained by 
Newton’s conclusion that the force of the sun’s gravitation on 
a planet varies directly as the planet’s mass, and inversely as 
the square of its distance from the sun. 

We have just explained the nature of an ellipse, and we 
will now illustrate the meaning of the second law, which will 
enable us to understand the nature of the earth’s motion in 
its orbit. (The third law does not concern us at present.) 

Let Fig. 253 represent the earth’s elliptical orbit, with S 
for the sun in the focus. AB is the major axis of the ellipse, 
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and a line at right angles through the centre would be the 
minor axis. Let the earth start from A, the nearest position 
to the sun {perihelioii)^ and move to C. The radius vector, 
or line joining the centre of the sun and planet, sweeps over 

© the area ASC. Now suppose the 
earth has moved to B, the point 
^ farthest from the sun (aphelion), and 
B let it move onward from B to D in 
the same time that the earth took to 
move from A to C. Then the law of 
Fig. «53— Iitotratbg equal areas states that the area BSD is 

second law. cqual to the area ASC. Now, the 

distance AC is plainly greater than the distance BD, and as 
thege distances are passed over in equal times, the velocity of^ 
the earth must be greater the nearer it is to the sun. In 
fact, the velocity is greatest at perihelion, decreases continually 
till the earth arrives at aphelion, and then increases until 
perihelion is again reached. 

We have thus learnt three things about the eartli’s orbit : — 

(i) It is in one plane. 

(2) It is an ellipse of small eccentricity, with the sun at one 
focus. 

(3) The earth’s velocity in its orbit is not constant, but 
varies. 

278, Observations relating to the Eartli’s Orbit. — How 
can we learn — 

(a) that the earth’s orbit is in one plane ? 

(p) that the orbit is not circular, but elliptical ? 

(c) that the speed of the earth in its orbit varies ? 

{a) We know that the earth’s orbit is in one plane because 
the apparent annual path of the sun through the stars (due to 
the earth’s revolution round the sun) is in one plane, the sun 
having been observed to move along the same great circle of 
the heavens, the ecliptic, year after year. In fact, careful 
observations have shown that the centre of the sun always 
appears to move along the ecliptic, and therefore the earth’s 
orbit must lie in the plane of the ecliptic. 

{p) We know that the earth is not always at the same 
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distance from the sun, as it would be were the orbit circular 
with the sun in the centre, because the sun looks bigger at 
one time of the year than at another. In fact, the sun’s 
apparent diameter varies regu- 
larly during the year, and as 
there is no reason to believe 
that the sun himself varies 
thus regularly in size, we must 
change our distance from it in 
a manner indicated by this ap- 
parent change of size. The 
sun’s apparent diameter is ‘the 
angle which its diameter sub- 
tends at the eye of an observer 
on the earth, and we know that the apparent diameter of an 
object is inversely proportional to the distance of the object. 
The sun’s apparent diameter is greatest on January i, and least 
on July I, and we may thus learn that the earth is nearest the 
sun on January i, and most distant on July i. We may learn 
more from the actual measurements on these dates. The appa- 
rent diameter of the sun when greatest is 32' 36'', and when 
least 31' 32", and hence the ratio of the distances is inversely 

32 

proportional to the fraction 



31 


36'' 1956 31 T , 

- — o - = - nearly : that 
32 1892 30 ^ •’ 


.is, the sun is about of its mean distance marer on January i 
than on July i {see Fig. 255). 

Careful measurements of the sun’s diameter have been 
made from day to day, and from these measurements it is 
possible to construct the earth’s orbit, and to show that it is 
an ellipse, with the sun in one of the foci. To do this we 
draw from a point lines SM, SN, SO, SP, etc., making the 
lengths of the lines inversely proportional to the apparent 
diameter of the sun at the times of observation, and the 
direction of the lines correspond to the sun’s angular position 
at the time of observation. On joining the ends of the lines, 
the figure of an ellipse is traced out (see Fig. 254, where, 
however, as in other figures of the orbit, the ovalness is much 
exaggerated). 
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(c) Careful observations of the apparent motions of the 
sun along the ediptic through the fixed stars show that the 
angular distance moved through varies slightly from day to 
day, and we deduce from this that the earth’s velocity in its 
orbit varies. In the course of a year of a little more than 
365 days the sun returns to the same point from which it 
started, so that it must have passed through 360° in the time 
stated. Its average daily motion is thus a little less than one 
degree. Now, it is found that the sun moves through an arc 
of 1° i' 10" in twenty-four hours when it is nearest to the earth 



on January r, and that on July i, when farthest from the earth, 
it only moves through an arc of 57' Thus actual 

measurement shows that the rate of the earth’s motion in its 
orbit changes, bemg greatest when near the sun, and least 
when most distant. 

A further proof of this variation of velocity is found by 
showing that it is a necessary consequence of the law of 
gravitation that the speed of the earth in its orbit must be 
such that the radius vector or line joining the earth and the 
sun must describe equal areas in equal times. 
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279. Different Kinds of Day. — We know that the sun, in 
consequence of the earth’s revolution round it, seems to move 
eastward among the stars. A star reaches its greatest altitude, 
or transits the meridian, at exactly the same interval each day. 
A side?ml day is the interval between two successive meridian 
passages of the same star. It is the actual time taken by the 
earth to make a complete rotation (360'^) upon its axis. A 
solar day is the interval between two successive passages of 
the centre of the smi across a meridian, and it is noo?i at the 
moment of transit. If the sun, -like a star, appeared always at 
the same place in the sky, a solar day would be of the same 
length as a sidereal day. But the sun seems to move eastward 
among the stars at the rate of about 1° per day, so that the 
earth must rotate nearly 361° about its axis before a given 
meridian comes opposite to the sun again, and so the solar 
day is nearly four minutes longer than the sidereal day. 

By the help of Fig. 256 we can illustrate why the solar day 
is longer than the sidereal day. M represents the. centre of 
the sun, while the stars are at so 
great a distance that the rays 
from them are sensibly parallel. 

El and Ej represent two posi- 
tions of the earth in its orbit at 
the interval of a sidereal day, or 
after one complete axial rota- 
tion. PA is the meridian of a 
place A on the earth. At Ei 
the sun and a distant fixed star 
are on the meridian of A at the 
same time. At E^ when the 
earth has made one complete 
rotation on its axis the distant 
fixed star is on the meridian 
of A again, but the earth must 
continue to turn through the small angle represented by the 
arc AB before the sun is again on the meridian PA. Hence 
the solar day or time from noon to noon is longer than the 
sidereal day. 



Fig. 256. — Diagram showing how the 
difference between the sidereal and 
solar day arises. 
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As the sidereal day is shorter than the solar day by about 
four minutes, we find that there are 366;^ sidereal days during 
the 365J solar days of a year, i,e, there is one more rotation 
of the earth than there are days in the year. 

The sidereal day, measured by the rotation of the earth on 
its axis, is of invariable length. But the solar day, measured 
by tlie mterval between two successive appearances of the sun 
upon the meridian of any place, varies in length, because the 
varying speed of the earth in its orbit causes the distance of 
its forward movements in the orbit to vary, and thus the earth 
does not turn on its axis through the same angle every day 
to bring the sun on a meridian. Hence the apparent or tme 
solar day^ as the solar day that appears as the actual result of 
two successive meridian passages of the sun is called, varies 
in length at different parts of the year. It is longest when the 
'sun moves fastest, and shortest when the sun moves slowest 
in its orbit. Another cause, the apparent movement of the 
sun in a path inclined to the meridians at varying angles, 
leads to an inequality in the length of the apparent solar 
days. 

Solar time thus seems to be unsatisfactory, owing to its 
want of uniformity, and yet our ordinary life is regulated by 
the sun. To get over the difficulty, and obtain a uniform 
measure of time, we take the average of all the apparent solar 
days of the year, and call this a 7 nea?i solar day. We imagine 
a smr called the mean sun moving imiformly along the celestial 
equator and completing its yearly circuit of the heavens in the 
same time as the actual sun. A mean solar day is therefore 
the average of the apparent solar days, and is always of the 
same length. This is the day which our clocks and watches 
keep, and it is divided into 24 hours, and these into minutes 
and seconds, so that our ordinary timepieces keep mean solar 
time, Greenwich mean time is used in all parts of England, 
and this is the time as shown by a clock moving through 
24 solar hours in the average interval between two successive 
passages of the sun across the meridian of Greenwich, the 
moment of passage being Greenwich mean 7ioon, 

Such a clock does not always indicate noon when the real 



Definitions, 


35 S 


sun crosses the meridian, being generally a little before the sun 
or after it. True or apparent noon is found by ascertaining 
the exact moment of the meridian passage of the sun by a 
transit telescope. True time is also indicated by a sundial. 
The difference between true or sundial time, and the time 
shown by a clock keeping mean solar time, is called the equation 
of tifne. It is used to regulate the clock, for sundial time, plus or 
minus the equation of time, gives the clock time. 

The dvil day is the mean solar day and the day of ordinary 
life. It begins and ends at midnight. The astrotiomkal day 
begins at mean noon,- twelve hours later, and is reckoned round 
through 24 hours. Thus 4 a.m. of Friday, May 19, civil time, 
is Thursday, May 18 16 hoius, by astronomical time. 

The word day ” is also often used for daylight^ or the time 
during which the sun is above the horizon of a place. 

280. Definition of Terms.— -The ediptic is the great circle 
which the sun appears to describe round the heavens once a 


year. It is so called because 
aU the eclipses of the sim and 
moon occur in it. 

The plane of tjie ediptic is 
the plane passing through this 
circle, or, what is the same 
thing, it is the plane in which 
the orbit of the earth lies — 
for this orbit, we remember, 
is in one plane. 

The plaiie of fJie equator is 
the plane passing through the 
earth’s equator, this plane 
being supposed to be con- 
tinued outwards to the sphere 
of the heavens, which it will 
cut in the celestial equator. 
The axis of the earth will, of 


p 



P 


Fig. 257.— Diagram of the celestial sphere, 
showng the celestial ^uator EE inter- 
sected by the ecliptic DB at the nodes 
A and C. A is the vernal equinox, C the 
autumnal equinox, B the summer solstice, 
and D the winter solstice. The arrow 
shows the direction of the pn‘s apparent 
annual motion on the ecliptic. ^ The angle 
BAE is the obliquity of the ecliptic. 

rourse, be at right angles to this 


plane. These two planes do not coincide with one another, 
hut intersect at two nodes or crossing-points, 180^^ apart, the 


angle of intersection being 23^° (see Fig. 257). 
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The equinoctial points^ or equinoxes.^ are the two points 
where the ecliptic cuts the celestial equator. The sun is at 
these points on March 21 and September 23. 

The obliquity of the ecliptic is the angle which the plane of 
the ecliptic makes with the plane of the equator at the 
equinoctial points. Its value is about 23-^°. 

The solstices are the two points of the ecliptic midway 
between the equinoctial points. When the sun in its motion 
on the ecliptic reaches the solstitial points, it has its greatest 
declination, or greatest distance from the equator. On June 21 
it is at the summer solstice, and has its greatest northern 
declination; on December 22 it is at the winter solstice, and 
has its greatest southern declination (see Fig. 259). 

The tropics are two great circles drawn through the solstices 
parallel to the equator. They are so called (Gk. tropo, I turn) 
because the sun then turns from its northward motion to the 
south, or vice versd. The northern tropic is the Tropic of 
Cancer, and the southern tropic is the Tropic of Capricorn. 

The zodiac is a belt of the heavens 16® wide, on each 
side of the ecliptic. It is so called (Gk. soon, an animal) 
because the groups of stars or constellations in it are figures 
of animals. The zodiac is divided into twelve equal arcs or 
parts, called sigtis, each 30° in length. The names of the signs 
are contained in the following Hues : — 

‘‘ The Ram, the Bull, the Heavenly Twins, 

And next the Crab, the Lion shines, 

The Virpjn, and the Scales, 

The Scorpion, Archer, and He-goat, 

The Man that bears the watering-pot, 

And Fish with shining tails." 

Their Latin names, with the symbols used for them, and 
the days on which the sun enters the different signs, are as 
follows : — 

Northern Signs of Zodiac. 

Spring Sigtis. 

T Aries, the Ram, March 21. 
d Taurus, the BuU, April 19. 
n Gemini, the Twms, May 20. 
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Summer Signs. 

03 Cancer, the Crab, June 
Q Leo^ the Lion, July 22. 

TTJ Virgo, the Virgin, August 22. 

Southern Signs of Zodiac. 

Autumnal Signs. 

Libra, the Balance, September 23, 
ni Scorpio, the Scorpion, October 23, 
t Sagittarius, the Archer, November 22. 

Winter Signs. 

Capricornus, the Goat, December 2 1 . 
ttp; Aquarius, the Waterman, January 20. 

K Pisces, the Fishes, February 19. 

281. Yearly Changes in the Appearances of the Stars. — If 
we look out at the same hour of the night, but at different times 
of the year, we shall find that the same stai-s are not visible in 
the same positions. We shall see this more clearly if we fix 
on any one star, and watch for its appearance on successive 
nights. On each succeeding night it rises some four minutes 
sooner and sets four minutes sooner than it did the night before. 
Thus, if in spring at nine o’clock it is just rising, it will be high 
up in the heavens at the same hour in summer, and in autumn 
it will be setting at the same hour. During the winter months 
it will be below the horizon at this hour, and we should have 
to wait for some time for it to rise. As spring comes on again 
it will rise earlier and earlier, till on the same day of the month 
as we first began observing it, it will rise at nine o’clock. So 
it is with all the stars. 

These changes are closely connected with that change of 
the sun previously mentioned, viz. that the sun appears to move 
eastward amongst the stars. Hence the stars must seem to 
pass westward behind the sun, and as our day and night depend 
Dn the light from the sun, the stars on each successive night 
srill appear to be slightly to the westward of the position they 
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occupied at the same hour on the previous night. Thus stars 
vdll rise earlier and set earlier on successive nights, the amount, 
viz. four minutes, being such that in a year’s time they come 
back to the same positions at the same hours, for 365 times 
four minutes make up one day nearly. These yearly changes, 



Fig. as8.-TIlustrating the sun’s apparent yearly path through the signs of the zodiac. 


of course, are due to the revolution of the earth round the sun, 
as we showed previously in considering that revolution. 

^ The apparent yearly motion of the sun through the various 
signs of the zodiac, and the different stars visible from the earth 
at midnight, axe illustrated in Fig. 258. Let S represent the 
sun and let the figures i, 2, 3, 4, 5, 6, 7, 8, 9, indicate nine 
positions of the earth in its orbit, at intervals of about two 
weeks apart. Romid the sphere of fixed stars are indicated the 
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signs of the zodiac. When the earth is at i, an observer will 
see the sun in the direction i S among the fixed stars at i'. 
The sun appears to be entering the sign Cancer. At midnight 
on the part of the earth turned away from the sun, the stars 
in the opposite part of the celestial sphere are visible. When 
the earth has moved to position 2, the sun appears among the 
stars 2', about the middle of the sign Cancer, and the stars in 
the opposite sign Capri cornus appear at midnight on the part 
of the earth turned from the sun. On the earth reaching the 
position 3, the sun is about to enter the sign Leo. Passing 
through the successive positions 4, 5, 6, 7, 8, 9, the sun will 
appear among the stars 4', 5', 6', 7', 8', 9', and the motion of 
the earth continuing all the way round its orbit, the sun appears 
to pass through all the signs of the zodiac, and to complete the 
circuit of the heaven on again reaching the position i. 

(In ancient times, the constellations or groups of stars 
opposite each arc or sign of the zodiac was of the same name 
as the sign, but, owing to a backward movement of the sign 
Aries, this sign is now in the constellation Pisces, the sign 
Taurus in the constellation Aries, and so on. It is thus 
necessary to distinguish between the signs of the zodiac and 
the constellations of the zodiac.) 

We have as yet only considered the effects of the rotation 
and revolution of the earth so far as they effect the appearances 
of the stars. But these two motions have important effects 
on the appearances of the sun, and these we will now proceed 
to consider. 

282. Changes in the Declination and Bight Ascension of 
the Sun. — If we find with a suitable telescope the declination 
and right ascension of the sun day by day, we shall learn that 
neither of these quantities remains constant. At the spring or 
vernal equinox on March 21, the sun is crossing the equator 
to the north, and its declination is zero. In about a month 
the sun has moved along the ecliptic, and its northern declina- 
tion has been increasing. Drawing a quadrant from the pole 
perpendicular to the equator, we see that this declination is repre- 
sented by the arc SM (Fig. 259). At the end of another month, 
the declination will be again represented by the perpendicular 



360 Elementary Physiography, 

from its position to the equator. At the end of the third month 
it has reached its greatest northern declination, 23!°, represented 
by the arc KQ, and is at the summer solstice. Its polar dis- 
tance is also now least. It now begins to approach the equator 
again (the distance between the two dotted portions of the 
ecliptic and the equator gets smaller), until at the autumnal 
equinox on September 23 the declination is again zero. After 



Fig. 359. — Diagram of celestial sphere, showing sun’s position on the ecliptic at 
intervals of one month. 

this date the sun passes south of the equator, and its southern 
declination increases until it reaches the winter solstice on 
December 22, The arc CE, 23^°, represents its greatest 
southern declination, and the sun’s polar distance is now 
greatest. After the winter solstice the sun in its path again 
approaches the equator, and comes back again to the vernal 
equinox. 

Consider now the changes in right ascension, which is the 
angular distance of a heavenly body east of the vernal equinox, 
or first point of Aries, along the equator. On March 2 1 the sun 
is at the first point of Aries, Y, and the right ascension is zero. 
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Next day the sun will be found about 1° to the east, and each 
day the right ascension increases about 1°. At the end of 
a month the right ascension will be the arc YM, about 30°, 
or the value of this arc in time. (Right ascension is usually 
expressed in almanacs in time, and not in degrees — 1° = 4 
minutes.) At the end of three months the right ascension is 
the arc YQ, or 90*". On September 23 the R. A. of the sun 
is 180°; on December 22 it is 270°; and it goes on increasing, 
for it is measured all round, until the sun reaches the vernal 
equinox again. 

As already pointed out, the sun does not move along the 
ecliptic at a uniform rate, and therefore the daily change in the 
right ascension of the sun is not rmiform. It is the change of 
the sun’s right ascension compared with the fixed R. A. of the 
stars that leads to the difference between the solar day and 
the sidereal day, and it is the varying amount of the sun’s R. A. 
that causes the true solar days to be of unequal length. 

Summarizing, we find that — 

(a) On March 21 the sun crosses the equator through the 
first point of Aries, and it is the Vernal Equinox. 

Sun’s R. A. = 0 , and its Decl. = o. 

{h) On June 21 the sxm has described an arc of 90° along 
the ecliptic, and it is the date of the Summer Solstice. 

Sun’s R. A, = 90 ° or 6 hours, and its Decl. = 23^° N. 

(c) On September 23 the sun has described an arc of 180°, 
is at the first point of Libra, and it is the date of the Autumnal 
Equinox. 

Sun’s R. A. = 180 ° or 12 hours, and its Decl. = o. 

(d) On December 22 the sim has described an arc of 270°, 
and it is at the Winter Solstice. 

Bun’s R. A. = 270 ° or 18 hours, and its Decl. = 23^° S. 

(<?) Finally, on March 21 of the next year the sun has 
passed over the whole ecliptic, and it is again the Vernal 
Equinox. 

Sun’s R. A. = 860 ° or 24 hours, and its Decl. = o. 
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If we require the sim’s R. A. at other dates we can obtain 
it exactly from the Nautical Almanac ; or, knowing the sun’s 
R. A» at the nearest equinox or solstice, we may obtain its R. A. 
approximately at other dates by adding P or 4 min. for every 
day later. Thus January i is ten days later than December 22 
when its R. A. is 270° or 18 hours. We must therefore add 
lo'^ or 40 m. to the R. A. of December 22. Hence on Januar}" 
i the sun’s R. A. = 280°, or j8 hours 40 m.| 

When we learn that celestial latitude and celestial longitude 
are measured with reference to the plane of the ecliptic and not 
the plane of the equator, we can see that the sun’s latitude is 
always zero, as it is always on the ecliptic, and that the sun’s 
longitude increases from zero at the first point of Aries up to 
90° on June 21, to 180° on September 23, to 270° on December 
22, and to 360° on March 21, when it is at the first point of 
Aries again. 

283. How to determine the Solstices, the Equinoxes, and 
the Obliquity of the Ecliptic. — We will now explain a simple 



Fig. 260.— Illustrating how the sun’s varying declination, the obliquity of the eclij^ic, 
and the date of the equinoxes and solstices may be determined. be, tnv 

show the relative lengths of the noonday shadow of the gnomon at the times indicated. 


method of finding these dates and this angle. Fix a vertical 
rod or pillar, sometimes called a gnomon^ on a horizontal surface 
and observe the noonday shadow cast by the sun. The day 
on Avhich the shortest shadow is thrown at noon will be the 
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date of the summer solstice; the day on which the longest 
shadow is thrown at noon will be the date of the winter solstice. 
The solstices may also be determined by finding the day on 
which the sun rises and sets furthest from the east and west 
points of the horizon. At the summer solstice it rises and sets 
furthest to the north ; at the winter solstice it rises and sets 
nearest to the south. 

We may find the equinoxes or dates on which the sun’s 
daily motion is on the equator by determining the day on 
which the sun rises due east and sets due west, for the celestial 
equator cuts the horizon at these two points. A line at right 
angles to the meridian line runs due east and west, and at each 
equinox the shadow of ‘a vertical rod cast by the rising sun will 
be in the same stoight line as that cast by the setting sun. 

From the observations with the gnomon we may learn that 
the sun’s declination or distance from the equator is 23^° N. at 
the summer solstice, and 23^° S. at the winter solstice. This 
is therefore the angle between the plane of the ecliptic and the 
plane of the equator, and this angle of 234-° is the Obliquity 
of the Ecliptic. (See Fig. 260, where the opposite angles are 
equal.) 

The length of the year may be approximately found by 
finding with the gnomon the interval between one summer 
solstice and the next, or one winter solstice and the next ; that 
is, by observing the times when the noonday shadow of the 
gnomon is longest or shortest. 

284. The Sun’s Diurnal Path at Different Latitudes and 
Seasons. — We have learnt that the sun’s position among the 
stars is not fixed, but that in his progress along the ecliptic he 
not only changes his right ascension, or distance from the first 
point of Aries, but his declination or distance from the equator 
is changing from day to day, varying from 23^-° N. to 23^° S-, 
and back again in a year. This change of declination is the 
reason why the apparent daily path of the sun differs from day 
to day during tlie year. Indeed, the change is gradual through- 
out each day, but it will be sufficient for our purpose to assume 
that the sun keeps the declination that he has at sunrise 
throughout that day. 
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Let us now consider the daily motion of the sun on the 
celestial sphere in a somewhat similar manner to that in which 
we considered the daily motion of the stars in par. 272. There 
is this difference, however, to note between the sun and the 
stars. Each star describes its own daily path at various lati- 
tudes without any change throughout the year, the path 
depending on' its distance from the equator. The sun’s path 
changes during the year, so that at one time its path is like 
that of a star on the equator, at another period like that of 
a star above the equator (but never more than 23^° N.), and 
during another part of the year like that of a star south of the 
equator. 

Take first the case of an observer at the equator, where the 
celestial poles are on the horizon, and where the equinoctial or 
celestial equator passes through the zenith. On March 21, 
when the sun is at the first point of Aries in his yearly circuit 

of the heavens, and 
when his declination is 
0° (Fig. 259), he will 
rise at the east point of 
the horizon E, and set 
at the west, W, describ- 
ing the equatorial arc 
EQW (Fig, 261). From 
March 21 to June 21 
the sun is daily increase 
ing its distance north 
of the celestial equator, 
so that it rises north of 
E and sets north of W. 

Fig. 26t.— Figure illustrating the daily path of the r\.^ TnnAr>T fhiA cnmmAr 
sun at the equinoxes and solstices, to an observer 21, tUe SUmmCr 

at the equator. SOlstice (Fig. 259), the 

sun is 23^° north of the equinoctial, and its path on that 
day is represented by the arc eTJw^ half of which is above the 
horizon and half below. After June 21 the sun’s northern 
declination decreases, and he is back again on the equator 
at the autumnal equinox, September 23 (Fig. 259), After 
September 23 the sun passes south of the equator, his diurnal 
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circle appears to get smaller, aiid he rises south of E and sets 
south of W. On December 22, the winter solstice (Fig. 259), 
the sun’s declination is 23^° S,, and his daily path is represented 
by the circle AG, half of which, is above the horizon. 

After December 22 the south declination of the sun decreases 
as he moves along the ecliptic to the first point of Aries (Fig. 
259), a position he again reaches on March 21. Thus it is 
seen that at the equator the sun's daily path is always bisected 
by the horizon, and that day and night are always equal, though 
the amplitude of his rising and setting points varies from 0° to 
23i° on each side. On March 21 the observer at the equator 
notes the sun passing through the zenith at noon ; for six 
months it then transits the meridian north of the zenith ; on 
September 23 it again passes tlirough the zenith at noon; 
during the next six months it transits south of the zenith. 

A little consideration will show that as we pass northwards 
from the equator, the daily path of the sun is not always half 
above and half below the horizon. From March 21, on w^hich 
date the sun is on the equator, to June 21, the days increase 
and the nights decrease in length; from June 21 to September 
23, the daily paths change back to die equator, and the length 
of the day returns to twelve hours. From September 23 to 
December 22, the days shorten as the smi passes south of the 
equator, but from December 22 the days again lengthen. As 
loiig, however, as we remain in the torrid zone, it will be found 
that the smi passes through the zenith twice a year. 

Consider now an observer just outside the torrid zone, say 
in latitude 27° N. As before, on March 21 the sun’s daily 
path is on the equator, and he rises in the east and sets in the 
west, day and night being each twelve hours. But from March 
21 to Jime 21, as the sun’s declination increases, more and 
more of his daily journey is above the horizon, and the day 
lengthens, his amplitude and noonday altitude daily increase, 
until at the summer solstice his path above the horizon is 
represented by the arc in Fig. 262. It is now the longest 
day, and the arc SU gives the greatest noonday altitude for an 
observer at this position,’ After June 21 the sun gradually 
returns to the equator, when day and night are again equal. 
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From September 23 to December 22 the sun passes below the 
equator, the days get shorter than the nights, and the diurnal 

path above the horizon 
^ changes from EQW to 

On December 22 
the day is shortest, and 
the sun’s meridian altitude 
SG is least. After this 
date the days again 
lengthen as the sun re- 
turns to the equator, and 
his daily path above the 
horizon again increases. 

As we pass into higher 
latitudes than that just 
^ M described, the variations 

Fig. 262.— Diagram showing the daily path of the _ ' 

sim at the equinoxes and solstices, to an observer in the length of day aild 
about lat. 27° N. . r • v 

night are of a similar cha- 
racter to those just described, but more marked. Part of 
Fig. 228 may be taken to represent the daily paths of the sun 
at London at the equinoxes and solstices, EMW being the path 

above the horizon .when 
the sun is on the equator ; 
emw, the path above the 
horizon when the smr has 
its greatest northern de- 
clination at the summer 
solstice ; and fnv^ tlie path 
above the horizon at the 
whiter solstice. 

As we get nearer the 
poles the sun’s daily path 
becomes more and more 
parallel to the horizon, 
until at the pole itself, 

Fig. 263. — Diagram showing the daily path of , , 

the sun at the equinoxes and solstices, to an Where the equatOr COUl- 
observe at the pole. horizOn, 

the sun’s daily path on March 21 is on the horizon. From 
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March 21 to ‘June 21 an observer at the pole would see the 
whole of the sun’s diurnal circle as he passed from the south 
at noon to the north at midnight, and then back again to the 
south on the following noon. These daily journeys would be 
performed on circles parallel to the horizon, the daily parallels 
being more and more above the horizon until a distance of 
23^° from the equator was reached, when the path is represented 
by JU in Fig, 263. The sun would then turn back and gradually 
approach the equator again during the next three months of 
daylight. After September 23 the sun would sink below the 
equator and horizon, and there would be darkness for six 
months. 

We thus see how the annual variations in the sun’s declina- 
tion cause the varying lengths of day and night, cause his 
diurnal path and meridian altitude to change, and thus produce 
in our latitude the change from the small arch of low altitude 
seen at midwinter to the large arch of high altitude seen at mid- 
summer (astronomically, midwinter is the beginning of the 
season called winter, December 22 ; midsummer is the begin- 
ning of the season called summer, June 21). (See par. 287.) ■ 
285. Effect of the Earth’s Animal Motion round the Sun. — 
Vaiiations in length of Day and Eight — We have in the preced- 
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Fig. 364. — Showing how the earth's axis keeps its direction xinchanged 
while the earth circles round the sun. 


ing paragraph shown that the varying height of the midday sim 
causes tlie changes in its amplitude, and the varying length of 
day and night by speaking as if the sun moved roimd the earth 
in a year. We will now explain these phenomena by speaking 
of the earth’s real annual motion round the sun at rest, and 
show that these phenomena are the result of the earth’s revolu- 
tion combined with the constant inclination of its axis at a 



368 Elementary Physiography, 

certain angle. During the earth’s annual revolution round the 
sun the earth’s axis remains constantly parallel, “for the 
mechanical reason that a spinning body maintains the direction 
of its axis invariable unless disturbed by extraneous force.” 
That this is so is also evident from the fact that in all parts of its 
orbit the earth’s axis points in the same direction, that is, to the 
celestial pole, and only parallel lines seem to meet at a point in 
vast distance. (A small periodic change in tlie direction of the 
earth’s axis due to the action of extraneous force will afterwards 
be explained, but no account of this need be taken here.) 

We have learnt that tire plane of the earth’s equator is 
inclined to the plane of the ecliptic at an angle of 23-g-°, and as 
the earth’s axis is perpendicular to the equatorial plane, it must 
be inclined from the perpendicular to the ecliptic plane at an 



angle of 2 In other words, the earth’s axis is inclined at an 
angle of 66|° (90° — 2 3-^'^) to the plane of the ecliptic itself. It 
follows, therefore, from the inclination of the earth’s axis and its 
constant parallelism, that at certain parts . of the earth’s orbit 
round the sun one end of the axis is so disposed that it leans 
towards the sun, and in other parts of the orbit the same end 
leans away from the sun. At two positions of the orbit the 
axis is presented exactly sidewise to the sun, so that neither pole 
then inclines towards or from the sun. These facts are illus- 
trated in Fig. 265, which the pupil must learn to reproduce) 
keeping the axis in each position of the earth parallel. 
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At any position of the earth in its orbit, a line joining the 
centres of the snn and earth fixes the place on the earth’s surface 
which has the sun directly overhead or in the zenith* At the 
positions (i) and (3) the boundary between light and darkness runs 
exactly along a meridian of the earth and from pole to pole, so 
that as the earth rotates on its axis in these positions, day and 
night are then equal in all parts of the globe. The earth is in 
position (r) at the vernal equinox, and in position (3) at the 
autumnal equinox. At intermediate positions the inclination 
of the earth’s axis to the plane of the ecliptic causes all the 
parallels of latitude on the earth, except the equator, to be cut 
equally by the boundary-line of light and darkness, and day and 
night are consequently unequal, the day bemg longer than the 
night in the Northern Hemisphere when it is shorter in the 
Southern Hemisphere, and vice vefsd. Position (2) is the sum- 
mer solstice, when the sun is vertical to places 23^° north of 
the equator, when the north end of the axis is most inclined to 
the sun, and when the day is longest in the Northern Hemi- 
sphere, and shortest in the Southern. Further, it is plain that 
at the summer solstice the nearer we approach the north pole, 
the larger will be the portion of the parallel of latitude remaining 
in the light, as the earth rotates, and the longer the days ; while 
the nearer we approach the south pole, the less wall be the 
portion of a parallel in the light, and the shorter the days. In 
fact, within the Arctic Circle at the summer solstice an observer 
is never carried out of light by the earth’s rotation, and he sees 
the midnight sun due north. Within the Antarctic Circle an 
observer remains in darkness while the earth rotates. From 
position (2) tliere is a gradual change to position (3), after 
which the sun descends below the equator until in position (4), 
the winter solstice, it is vertical over places 23-^° S. Here we 
have the exact opposite state of affairs, and we see why we 
have the short winter days and the long summer days in the 
British Isles and other places north of the equator. 

These considerations again help us to see how the series of 
changes each year in the sun’s declination or distance from 
the equator are brought about by the annual revolution of the 
earth combined with the inclination of the earth’s axis' to the 

2 B 
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ecliptic plane, i.e, with the inclination of the plane of the equator 
to the plane of the ecliptic. And the annual changes of the 
sun’s declination causes the variations of the sun’s amplitude or 
distance of rising and setting from the east and west points 
throughout the year ; for the further a body is north of the 
equator to an observer in the Northern Hemisphere, the greater 
is the portion of its daily circle of rotation above the horizon, 
and the further does it rise north of east and set north of west \ 
while the further the body is south of the equator, the shorter is 
it above the horizon, and the further does it rise south of east and 
set south of west. At the equinoxes the sun’s amplitude is 
in all parts ; at the solstices the sun has its maximum amplitude, 
but this varies in different parts of the earth, increasing with the 
latitude. The greatest amplitude at the solstices in latitude 50° 
(London in 51-*^ N.) is 38-^°, 

So important is the proper imderstanding of the variation in 
the length of day and night at all places north and south of the 
equator (at the equator day and night are always of 12 hours 
each, as this parallel is always equally divided by the line of 
light and darkness), that we will further consider the four chief 
positions of the earth in its orbit. The orbit is, of course, in 
the plane of the ecliptic. N S in each case represents the axis 
of the earth. 

Let us first consider the position (2) of Fig, 265, where N, 
the north pole, is towards the sun, and for this purpose we use a 
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separate figure. In this figure, ef represents a plane perpendicular 
to the line joining the centres of the sun and earth. All that 
part of the earth on the side of (/nearer the sun is illuminated and 
has daybght ; all on the further side has darkness and night. A 
plane perpendicular to the axis is the plane of the equator EQ;j 
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The circle ed described on the earth passing through the 
extremity of the shadow, is called the Arctic Circle. We see 
that a place witliin the Arctic Circle never loses sight of the sun, 
never entering the shaded half, during a rotation about the axis 
NS, so long as the earth and the sun are in the positions indi- 
cated by the figure. The corresponding circle fq in the Southern 
Hemisphere is such that all places within it never see the sun 
during a rotation, the conditions being the same. This circle 
is the Antarctic Circle, The circle ci\ passing through the 
point c directly under the sun, is called the Tropic of Cancer. 
The corresponding circle gp in the Southern Hemisphere is the 
Tropic of Capricorn, (See note, par. 217.) We have con- 
sidered the effect of rotation at places included m the Arctic 
and Antarctic Circles. Between the Arctic Circle and the 
equator all places will evidently see the sun for more than half 
a rotation — i,e. have a longer day than night ; for more than 
one-half of each parallel in the Northern Hemisphere is in the 
light Between the Antarctic Circle and the equator the reverse 
will be the case, night being longer than day. The sun will 
during the course of the day pass overhead to all places on the 
circle cv. All this, we must remember, is while the earth is in 
the position when the north pole is most inclined towards the sun. 

The next figure (267) shows the earth at the opposite side 
of the orbit, where the two hemispheres are just reversed in all 





f 


Fig. 367. — Northern winter and southern summer. 

respects so far as light from the sun is concerned. Thus 
within the Arctic Circle there is no sunlight during the rotation 
round the axis ; within the Antarctic Circle the sun is not lost 
sight of during the rotation. Between the equator and the 
Arctic Circle night is longer than day, and between the equator 
and the Antarctic Circle day is longer than night. 
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At either of the intermediate positions the appearances 
are the same. In these two positions the earth’s axis is per- 
pendicular to the line joining the centre of the earth and 
sun, as we see by a figure (268) \ and here we see that day 
and night are of the same length at all parts of the earth. 
These positions are called the equinoxes ^ because day and night 
are of equal length. The first two positions discussed are 
called the solstices} From solstice to equinox the appearances 
above described change gradually, and so from the equinox 
round to the other solstice. Thus in the Northern Hemisphere 
at the fiarst solstice the sun at midday is high in the heavens, and 
on each succeeding midday gets lower and lower ; at the same 
time the day shortens and the night lengthens till the equinox, 
when they are equal in length. After the equinox the sun is 


N 



Still lower at midday, and now the nights are longer than the 
days, and the difference increases till the other solstice is 
reached. Then the midday sun is at its lowest in the heavens, 
and on two successive days seems to occupy the same place — 
to stand still, as it were, and hence the name solstice. After 
this the changes are all gone through back again till the other 
solstice. is reached, and then we say one year is completed. 

We notice, further, that ah places within the Arctic Circle 
have at least one day in which the sun never sets, and one in 
which it never rises. The poles themselves see the sun for six 
months and lose it for six months. Within the two tropics 
every place has the sun overhead, or in the zenith, at least twice 
a year. This occurs on two succeSsSive days at the tropics 

Solstices (Lat. sol^ the sun, and stare, to stand), the times at which 
the sun reaches its greatest distance from the equator, because it then 
appears to stand still before the direction of its motion is changed towards 
the equator ag^. 



Varying Lengths of Day and Night. 


373 


themselves, the sun rising day after day higher and higher, till 
it becomes vertical at midday, and then it seems to “ turn back ” 
— hence the name tropic. Outside the two tropics, and below 
the Arctic and Antarctic Circles, we have two zones which have 
appearances lying between the two described, for they never 
have a vertical sun, nor a day in which the sun fails to rise 
or set 

The following table shows the longest duration of sunset — 
ix. the longest day at different latitudes : — 


Latitude. Latitude* 


0° (Equator) 

. 12*" 

60° 

. i8'‘ 30” 

10° 

. 12" 35"> 

66° 33 (Arctic Circle) 24^ 0“ 

20° 

. 13" 13“ 

70° 

. 2 months 

30° 

. 13'' 56“' 

80° 

. 4J months 

40° 

50° 

. I 4 '‘ 51*^ 

. 16^ 9"^ 

go° (Pole) 

. 6 months 


We add a diagram to illustrate these different lengths of the 
longest day at every ro° of latitude in the Northern Hemisphere 


6 mos. at 90° 
mos. at 80° 
2 mos. at 70° 

igTi 30m at 60° 

i6li 3® at 50° 
14’! 51“ at 40° 
13I1 56“ at 30° 
13*1 13™ at 20° 
T2h 33111 at 10° 
12*1 om at 0 ° 






Fig. 269. 

when the north end of the earth’s axis is most inclined to the 
sun. The length of the longest night in whiter is the same as 
that of the longest day in summer. 

A simple way of illustrating the height of the midday sun at 
different parts of the year is shown in Figs. 275, 276. A line 
drawn from the centre of the earth through the situation pf any 
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particular place passes to the zenith of that place, and a line 
from the centre of the earth to the sun will show thus the angle 
separating the sun from the zenith, the zenith distance. 
The zenith distance of the sun subtracted from 90° gives its 
altitude. The less the zenith distance, therefore, the greater is 
the altitude. In the figures, the letter L represents the latitude 
of London, and Z indicates its zenith. 

286. Distribution of Light and Heat on the Earth. — That 
half of the earth’s surface which is turned towards the sun 
receives light and heat from it ; the other half is in darkness. 

The light, and especially the heat, derived from the sun at 
any place, are greatest when the sun is highest in the heavens, 
and can therefore send its rays more nearly perpendicular to 
the ground. There are two reasons for this : — 

(1) When the sun is highest the rays from it pass through 
less of the earth’s atmosphere, and so less heat is absorbed by 
that atmosphere before they reach the ground. 

(2) When the sun is higher the number of rays received by 
any particular piece of ground is greater than when the sun is 
lower, ue. the quantity of heat received by a square yard of 
ground increases as the sun’s altitude increases. This is the 
main reason for the increased beating power of more perpen- 
dicular rays. 

By a figure in connection with par. 179 we have seen how 
both these reasons combine to cause an increase in the heating 
power of the sun’s rays as we approach the equator. The 
reader should again consider the paragraph carefully (see also 
pars. 180 and 18 1). Tig. 194 is drawn for one of the equinoxes, 
and it is now easily seen how at the summer solstice, when the 
Northern Hemisphere is more inclined towards the sun than at 
an equinox, any area north of the equator will receive its supply 
of the sun’s rays more perpendicularly than at an equinox. In 
winter the rays will fall more obliquely, and their strength will 
be weakened. Tig. 270 shows the different angles at which the 
sun’s rays strike the earth on June 21 and December 22, and it 
also illustrates the unequal distribution of an equal band of rays, 
ab^ at these two angles. 

But there is still another cause that affects the temperature 
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of the various parts of the earth at different periods of the 
year, for it must be plain that the length of the day, or the 



Fig. 270 — Showing the difference in the distribution of the man’s mys at London at 
midsummer (A^and at midwinter (B), Th^ renith distance of the sun at noon is 
about aB® at midsummer in the latitude of London, and about 75° at winter. Its 
altitude is therefore go° — 28° = 6a° in the former case, and 90° — 75°= 15° in the 
latter case. 


time which the sun remains above the horizon, has great 
influence. While the sun is shining, those parts of the globe 
exposed to his rays are receiving heat; after the sun has set, 
these parts are losing heat, the heat passing away by radiation 
into space. Hence places 
are most heated when 
the days are longest. 

The more distant a place 
is from the equator the 
greater is the difference 
between the length of 
its days and nights, and 
the greater will be the 
variation of its tempera- 
ture during the’ year. 

Although we receive most 
heat in 24 hours at the 
time of the summer sol- 
stice, this is not the hottest 
time of the year. The maximum temperature at any place 
usually occurs at the end of July, because during most of 
the summer the heat received from the sun during the day is 
in excess of that lost by radiation during the night, and so the 
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temperature goes on increasing until the loss by night is just 
equal to the gain by day. (So the greatest heat of any day is 

not until about two hours 
after noon, when the gain 
and loss each minute is 
balanced.) In autumn the 
loss by night begins to be 
greater than the gain by 
day. The minimum tern- 


y.: 7 
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Fig.. 372. 


perature of the year occurs 
w^hen the gain by day 
again becomes equal to 
the loss by night, and this 
happens about the end of 
January. 

Some of the facts set 
forth in this and the pre- 
ceding paragraph are well shown in a diiferent way in Figs. 
271 to 274. 

These figures show how the earth is presented to the sun 

at the four seasons, or 
four chief positions of its 
orbit. They are sun- views 
of the earth, such as an 
observer on the surface 
of the sun might obtain. 
At the vernal equiiiox 
smilight reaches from pole 
to pole, and every place 
would be seen to pass 
straight across as the earth 
rotates from west to east, 
each place being twelve 
hours in sunlight and 
twelve hours in darkness. 
Day and night are thus equal. As the earth moves on in 
its orbit round tlie sun in the direction of the large arrow 
passing through the earth and with its axis unchanged in 



Fig. 273. 
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direction, a little consideration will show that the parts round 
the north pole will gradually come into greater view, while the 
parts round the south pole will pass out of view. When 
the earth has reached the 
position of the summer 
solstice at midsummer, we 
see that the aspect it pre- 
sents to the observer on 
the sun is greatly changed. 

Places in the Northern 
Hemisphere remain in 
view more than twelve 
hours, for the rotating 
earth carries them round 
on a curved path, the 
curve being bent down- 
wards as tlie equator and 
other circles of latitude 
are sgen to be. England is seen to be well down towards 
the centre of the illuminated half of the earth, and the sun’s 
jays are therefore received more vertically than at the vernal 
equinox, and it appears larger to the supposed spectator 


SUN 


spring'. Autumn 

Fig. 275.— Diagram showing the equality of the sun’s zenith-distance at the two 
equinoxes. Angle 2CS (sun) = zenith distance. 

on the sun. Places within the Arctic Circle go round and 
round as the earth rotates without passing out of sunlight, 
while places near the south pole are never brought into light, 
so that the sun never sets in arctic regions, and never rises in 
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the antarctic regions. There is a “ midnight sun ” in the north 
part of the sky beyond latitude 66k° N. At the autumnal 
equinox matters are the same as when the earth was at the 
vernal equinox. At the winter solstice the region round the 
north pole is turned away from the sun, and the region round 
the south pole enjoys continuous sunlight. Places north of 



Fig. 276. — Diagram showing the difference between the sun’s zenith-distance at the two 
solstices at the latitude of London. Angle ZCS subtracted from gives the 
altitude. 


the equator follow the paths indicated, and are less than twelve 
hours in sunlight, while places south of the equator are more 
than twelve hours in sunlight. England now receives the sun’s 
rays so obliquely and lies so near the edge of the illuminated 
half of the earth, that it cannot be properly represented on so 
small a jigure. 

It will be noticed that the middle of the illuminated half 
of the earth is alternately north and south of the equator, and 
the sun at noon is therefore twice in the zenith at the equator 
— once at the vernal equinox and once at the autumnal 
equinox. Between the vernal equinox and the autumnal 
equinox he is twice in the zenith at noon to places as far 
north as the Tropic of Cancer. Between the autumnal equinox 
and the vernal equinox he is twice overhead at noon to places 
south of the equator as far as the Tropic of Capricorn. In 
other latitudes he is never seen in the zenith. 

287. The Seasons. — Remembering how the effect of the 
sun’s heat on any part of the earth’s surface depends on its 
height in the heavens, and the length of time it shines, and 
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rememLering also the explanation of the different lengths of 
night and day, we shall easily explain the succession of the 
seasons. 

Considering either hemisphere, say the northern, we take 
the position of the earth at that solstice when the north pole is 
most turned towards the sun. There are now long days and 
short nights, and the sun is higher in the heavens at midday, 
and thus for both reasons it is warm in this hemisphere; in 
fact, it is midsummer. Summer lasts until the earth reaches 
the equinox, nights and days being now equal, and autumn 
begins. Autumn lasts till the other solstice is reached. Then 
it is midwinter, being cold, for nights are at their longest, days 
being shortest, and the midday sun is at its lowest. Winter 
lasts till the next equinox, and then it is spring. Spring lasts 
from this equinox to the summer solstice. As the Northern 
and Southern Hemispheres are reciprocal in. the lengths of 
their days and nights, we see that the seasons will be reciprocal. 
Thus when it is summer in the Northern Hemisphere it is 
winter m the Southem. ' When spring in the Northern it is 
autumn in the Southern, and vice versd. 

We may notice that between the two tropics the midday 
sun is always very high in the heavens, and the nights are 
never much longer than twelve hours; thus it is always hot 
there — a perpetual summer — and this zone or belt of land is 
therefore called the Tomd Zone. At places included in the 
Arctic and Antarctic Circles the sun never rises high, and 
though this in summer is somewhat compensated for by the 
long days, still it is always cold there—a perpetual winter— 
and hence the zones are called respectively the North and 
South Frigid Zones. Between the North Frigid Zone and 
Torrid Zone we have the North Temperate Zoney and between 
the South Frigid Zone and Tonid Zone we have the South 
Tmperate Zone. In these Temperate Zones the winters are 
neither very cold nor the summers very hot ; hence their names. 
It is in these zones that the four seasonal changes are most 

marked. ^ • • u- 

Fig- 277 shows different positions of the earth in its orbit 

as seen from above the ecliptic plane, thus illustrating the 
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change of seasons throughout a year. The figure is drawn for 
the Northern Hemisphere, the figure for the Southern being 
similar, the seasons being reciprocal to the former. It will be 
instructive for the pupil to begin at the bottom of the figure, 
where the earth is seen in the^ position it occupies about March 
21 (when both poles are equally distant from the sun), and to 
follow the earth through its monthly changes, noticing the 
boundary of the enlightened hemisphere in the successive 
periods as the earth revolves on its axis, and at the same time 
makes its yearly revolution round the sun. 

It will be noticed that the winter solstice occurs very near 
the perihelion, and the summer solstice near the aphelion ; 
thus, in -the winter of the Northern Hemisphere the earth is 
nearest the sun, and in summer furthest from the sim. For 
the Southern Hemisphere the earth then is nearest in summer 
and furthest away in winter. As it is warmer the nearer we 
are to the sun, the southern summer will be slightly hotter 
than the northern one, and the southern winter slightly colder 
than the northern one. Tliis difference of distance is small, 
and the resulting difference in climate is small, and may, more* 
over, be masked by local causes, as the prevalence of hot or 
cold winds and ocean currents. The different months are 
marked in the figure, and we see winter lasts during January, 
February, March j spring during April, May, June; summer 
during July, August, September ; and autumn during October, 
November, December. The exact durations of the seasons we 
get by knowing the dates of the equinoxes and solstices. 

(We remember that perihelion occurs January i, and 
aphelion on July i.) 

The Vernal or Spring Equinox is on Match 21, and Spring begins. 

The Summer Sohlice is on June 22, and Summer begins. 

The Autumnal Equinox is on September 23, and Autumn begins. 

The Winter Solstice is on December 22, and Winter begins. 

Finding the intervals between these dates, we shall learn , 
that the seasons are of unequal length. Winter is about 4J- 
days shorter than summer in our hemisphere. We say “ about,” 
because to be quite accurate we should give the exact time on 
the above dates when each season begins, for spring begins at 
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the moment the sun reaches the vernal equinox on March 2 1 ; 
summer, the moment the sun reaches the summer solstice on 
June 21, and so on. The four seasons are, in fact, the periods 
into which the year is divided by the equinoxes and solstices. 
Their lengths at present are to tht fraction of an hour — 

Winter. Autumn. Spring. Summer. 

89 d. oj h. 89 d. 18 J h. 92 d. 20 J h. 93 d. 14^ h. 

Spring and summer together, when the sun is north of the 
equator, are thus about seven days longer than autumn and 
winter. What is the cause of this inequality in the length of 
the seasons ? 

Fig. 278 is a representation of the earth’s orbit with the 
ellipse exaggerated. The two equinoctial and the two solstitial 


160 ’ 



Fig. 378. — Illustrating the inequality in the length of the seasons. From the vernal 
equinox, o°, to the summer solstice, 90*^, it is spring ; from the summer solstice, 90°, 
to the autumnal equinox, 180°, it is summer ; from the autumnal equinox to the 
winter solstice, it is autumn ; from the winter solstice, 370°, to the vernal equinox, 
it is winter. 

points divide the orbit or ecliptic into four equal portions 90*^ 
apart, but, owing to the varying speed of the earth in its orbit 
(travelling more quickly the nearer it is to the sun, and the 
more slowly the more distant it is), these equal portions are not 
described in equal times. The hne through the sun in one 



3^3 


Differc 7 it Kinds of Year, 

focus of the ellipse from the spring equinox, o°, to the autumnal 
equinox, i8o°, and the line at right angles joining the two 
solstices divide the area of tlie figure into four unequal quad- 
rants, and the areas of the quadrants being unequal, Kepler’s 
second law — that the radius vector or line joining the earth 
and sun sweeps over equal areas in equal times — shows that 
the times in which the sun describes them are unequal and 
proportional to the areas. 

Summary of the Effects of the Rotation and Revolution 
of the Earth. 

Rotation causes the risings and settings and daily apparent 
motions of the sun and stars, and thus causes day and night. 

RcDolntloji causes the sun to appear to move eastward 
amongst the stars through the twelve signs of the zodiac, and 
thus stars rise about four minutes earlier on successive nights. 
It also produces the yearly changes in the sun’s Right Ascension, 

Revolution combined with the inclination of the planes of the 
equator and ecliptic {i,e, the inclination of the earth’s axis) causes 
the yearly variations in the sun’s declination (/.<?, the varying 
height of the midday sun), the difference in length of the days 
and nights, and thus causes the succession of the seasons. 

Rotation gives us the length of the day ; revolution gives us 
the length of the year. 

Different Kinds of Year. — A year is the period of the 
earth’s revolution about the sun from a certain position back 
again to the same. 

The Sidereal Tear is the time taken by the sun in com- 
pleting a revolution from a given star or other fixed point to 
tlie same star again. Its length is 365*256 mean solar days. 
The sidereal year is the time of the true orbital revolution of 
the earth. 

The Tropical or Equinoctial Year is the time which the 
sun takes to pass from vernal equinox to vernal equinox again. 
As the vernal equinox advances each year to meet the 
sun, the tropical year is about 20 minutes shorter than the 
sidereal year. Its length is 365*242 mean solar days. 

For ordinary purposes a year containing a fraction of a day 
would be inconvenient, and so the civil year, or the year of the 
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calendar, is some whole number of days, generally 365 days, 
which is rather less than a tropical year. But we want the 
seasons, which are determined by the tropical year, to always 
occur at the same parts of the civil year, and therefore we try 
to bring these two years into agreement. ' 

The difference amounts to nearly a quarter of a day, hence 
every four years we have a leap-year, containing 366 days, the 
ordinary years containing 365 days. But the difference is not 
quite a quarter of a day, and hence in 400 years we omit three 
of such leap-years, and make these ordinary years of 365 days. 
This makes the average length of the year almost exactly what 
it should be, viz. 365’242i days. Therefore every year has 
365 days, except every fourth year, which is such that its 
number is divisible by four, and this has 366 days, except 
again that those centuries which are not divisible by 400 have 
only 365 days. Thus 1884, 1864, 1840 were leap-years, and 
so were 1600, 1200, 800; but 1800, 1700 were not, and 1900 
mil not be a leap-year. 

The Anomalistic Year has for its starting-point the peri- 
helion of the earth's orbit, and is therefore the time between 
the two successive passages of the perihelion by the earth. As 
perihelion point moves eastward or backward each year about 
11*25'', this year is nearly 5 minutes longer than the sidereal 
year. Its length is 365*259 mean solar days. 

The relative magnitudes of the three kinds of astronomical 
year may be thus stated to the nearest second of me^ solar 
time : — 

Sidereal year = 360° = 365 d. 6 h. 9 m. 9 s. 

Tropical year = 360° — 50*2" = 365 d. S h. 48 m. 46 s. 

Anomalistic year = 360° -f 11*5" = 365 d. 6 h. 13 m. 48 s, 

' 288. Effects of a Change of Angle between the Equator 

and the Ecliptic. — ^Any change of this angle means, of course, 
a change of inclination in the earth's axis. If the earth's axis 
had been perpendicular to the plane of its orbit, the plane of 
its equator would have coincided with the plane of the ecliptic, 
day and night would have been of equal length at every 
place throughout the year, and there would have been no 
diversity of seasons. (The axis of the planet Jupiter is almost 
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perpendicular to its orbit.) If the inclination of the earth^s axis 
had been greater than it is> the sun would recede farther from 
the equator on the north side in summer, and farther on the 
south side in winter. A larger part of the earth would thus be 
in tropical regions and have the sun overhead twice a year, and 
a larger part would also be in arctic regions, with at least one 
day without any sunrise. Seasonal differences and changes in 
the length of the day would thus be increased. With an 
inclination of 45°, the tropical zones would extend 45° on each 
side of the equator, and the temperate zones would disappear, 
for the rest would be two arctic zones. Further increase of 
inclination would lead to an extension of the zones on each 
side of the equator where the sun would be overhead twice 
a year, and a further extension of the regions where the sun 
would remain above the horizon in summer and below the 
horizon in winter for one or more days. The great extremes 
of temperature in these latter regions would be very inimical 
to animal and vegetable life. Were the axis of the earth 
parallel to the plane of its orbit, the poles of the equator would 
be situated in the ecliptic; the seasonal changes would be 
extreme, every part being in turn tropical and arctic. 



Fig. 279. — Egyptian obelisk used as a gnomon- 




CHAPTER XXIII. 


THE SUN, MOON, ECLIPSES, AND ASTRONOMICAL 
MEASUREMENTS. 

289. The Sun — Its Dimension, Density, and Attraction. — Tlie 
sun is an intensely hot self-luminous globe of enormous size, 
situated at a mea 7 i distance from the earth of about 92,800,000 
miles. Knowng its distance, and measuring the angular 
diameter of its disc (par. 278), its real diameter is found by cal- 
culation to be 860,000 miles, or nearly no times that of the earth. 
Since the volumes of spheres are in proportion to the cubes of 
their diameters, the sun’s vohwu = (iio)^ X vol. of earth ; that 
is, 1,331,000 times the volume of the earth. This means that 
the volume of the sun is so great, that were the earth placed in 
the centre of the sun, with its satellite the moon revolving 
round it at a distance of 238,000 miles, still the earth and the 
orbit of the moon together would reach but little beyond half- 
way to the circumference of the sun. Yet though the volume 
of the sun is 1,330,000 times that of the earth, its mass, or the 
quantity of matter contained in it, is only 330,000 times that 
of the earth. In other words, while it would take 1,330,000 
globes as large as the earth to make a globe as large as the 
sun, yet it would only take 330,000 to make one as hea'ify as 
the sun. From this it follows that its density, or quantity of 
matter per unit of space, is only about one-quarter of the earth’s 
density, as we find on dividing its mass compared with the 
eatth by its volume compared with the earth.^ The force of 
gravity at the sun’s surface is nearly twenty-eight times the 

of the earth compared with water — that is, its specific 
hence the specific gravity of the sun is only about i ’4, 
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force of gravity on the surface of the earth ; and as the weight 
Df a body is due to the force of gravity, a body at the surface 
3f the sun would weigh twenty-eight times as much as upon the 
^rth. 

The physical condition of the snn is very different from that of tlie 
;arth, though we know it is composed of very similar materials. The 
vhite-hot surface that we see, called the photosphere^ is believed to be 
argely a shell of highly heated metallic vapours surrounding the unseen 
nass beneath. Dark spaces seen in the photosphere are known as sim-spots^ 



Fig 280.— Comparative sizes of sun and earth. 


ncl these are often surrounded by brighter patches, tenned f amice. Above 
le photosphere a shallow envelope of gases, rising here and there into huge 
rominences, 'and known as the chromosphere^ is seen in red tints when the 
in is totally eclipsed. Beyond the chromosphere, there is also seen, at 
le same time, a faint but far more extensive envelope called the corona. 

The sun’s rays supply light and heat not only to the earth, but also to 



388 


Elementary Physiography. 


the other planets wliich revolve round it. Its attraction confines these 
planets in their orbits and controls their motions. Kepler’s three laws 
of planetar^' motion have already been given (par. 277). Kepler derived 
these laws from observation only, but Newton first explained them by 
showing that they were the necessarj^ consequences of the laws of motion 
and the law of miiversal gravitation. The centre of gravity of the solar 
system (as the sun with his attendant bodies is called) is the real point 
around which the planets revolve, but so enormous is the mass of the sun, 
that this point is situated not far from the sun’s centre. (See par. 48.) 



290. The Moon. — The moon is one of the secondary 
planets, or satellites, and it revolves round its primary the 
earth, while the latter is revolving round the sun. Its mean 
distance from the earth is only 239,000 miles. Though 
apparently as large as the sun owing to its nearness, its real 
diameter is only 2160 miles, and its volume, or ' bulk, only 

^ ^ ® iV that of the 

earth and hence its density or compactness of matter is but 

a httle more than f that of the earth, and the force of gravity 
on Its surface but | that of the earth, ^ ^ 

fh Its daily apparent motion from east to west, due to 

In that it has 

an opposite motion, movmg eastward among the fixed stars 

m consequence of which it rises about 50 minutes later ead^ 
aight. A complete revolution of the moon round the heavens 
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from one fixed star to the same fixed star is called a sidereal 
revolution and occupies 27 d. 7 h. 43 m. 

The moon requires a longer interval to go through a 
revolution with respect to the sun, as the sun also moves 
eastward among the stars, though at a slower rate. Hence the 
synodic month, or the time occupied by the moon in passing 
from the sun round to the sun again, is longer than the sidereal 
month by more than two days. The mean value of the synodic 
month is 29*53 days, and this is the ordinary lunar month. 
Calendar months consist of a whole number of days — 28, 30, 
or 31 as the case may be. In a year there are twelve calendar 
months, but thirteen limar months. 

The moon's path among the stars is not situated in the 
same plane as the earth's path romid the sun, for the moon’s 
orbit is found to be inclined to the plane of the ecliptic at an 
angle of about 5°. The points at which the moon's orbit 
cuts the plane of the ecliptic are called the moon’s nodes (see 
Fig. 226). 

When the moon in her orbit lies between the sun and the 
earth, she is said to be in conjunction with the sun ; when the 
earth is between the moon and the sun, the moon is said to be 
in opposition to tHe sun. At either of the two points midway 
from conjunction and opposition, i,e, 90° from conjunction or 
opposition, the moon is said to be in quadrature. 

The moon is an opaque, cold globe, covered wifh mountains, extinct 
volcanoes, and plains. She has neither water nor atmosphere, and always 
presents the same surface to the earth in consequence of rotating on her 
axis in the same time as she revolves round the earth. Moonlight is only 
reflected sunlight, the illuminated hemisphere being always turned towards 
the sun. When we see the whole lit-up side of the moon, she appears 
circular, and we say the moon is full. But we cannot see the whole of the 
illuminated hemisphere from the earth at all times. The various shapes 
this illuminated hemisphere assumes in the course of her journey round the 
earth are called the phases of the moon. A figure will help us to under- 
stand these appearances, or phases^ of the moon. 

The figure represents the moon in eight different positions in her orbit 
round the earth, the sun being at an immense distance to the i^ht.^ The 
line m n separates the illuminated half of the moon from the tmilluminated 
half, and the line a b may be taken to separate the half of the moon turned 
towards the observer at E from that turned away from him. 

At A the moon is in conjunction, being between the earth and the sun, 
and no portion of the illuminated half is visible. It is then said to be new 
moo7i. 

At B, between four and five days afterwards, a small part of the lit-up 
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surface is seen, and this appears as a thin crescent in the sky just after 
sunset.* 

At C the moon is in quadrature, at her first quarter^ and one half the 
lit -up hemisphere is seen by the observer ; so that the moon appears in the 
sky as a bright semicircle. It is half-moon. 

At D more than half the lit-up hemisphere is seen, and the moon 
appears gibbons (Lat. gibbus^ a hump) in the sky. 

Before the end of 15 days the moon is in opfiosiiion to the sim at M, and 
the whole of the illuminated hemisphere is turned towards the observer, so 
that it is seen as a complete circular disc in the sky. It is now said to be 
full moo 7 i. 

After full moon, the moon becomes gibbous again, F ; in a few^ more 
days it is again half moon at the third or last quarter^ G ; and as it gets 
towards the sun, more and more of the dark side turns towards us, so 2iat 
the crescent H grows narrower and narrower, until it disappears at new 


moon again. 

It is worthy of note that the moon is higher in the heavens and longer 
above the horizon in the winter than in summer. This is owing to the 
plane of its orbit being at night high towards the south in winter and low 
m summer, as is the ecliptic. 

The moon's orbit, like that of other planets, is elliptical, but irregular. 
When nearest to the earth, she is said to be in perigee; when at the greatest 
distance, in apogee. 

291. Eclipses, hunar and Solar. — Since light proceeds in straight lines, 
part of the space behind any opaque body is shut off from the light in front 
of it, and the space thus darkened is termed a shadow. Both the spherical 
earth and the moon cost conical shadows into the space behind opposite 
to the sun, and any body lit up by the sun entering one of these shado'ivs 
becomes invisible, or is eclipsed. 

An eclipse of the moon is caused whenever it passes into the shadow- 
cone c^t by the earth. This can only happen with the moon full, i.e. in 
opposition ; for at no other time is the earth between the sun and the moon. 
If the moon’s orbit were in the same plane or level as the earth’s orbit, a 
lunar eclipse (Lat. Iu 7 ia^ the moon) would occur every month at full moon j 
but owing to the inclination of the planes of the two orbits (Fig. 144) being 
about 5^, the rnoon may be to the north of the ecliptic or below to the 
south of the ecliptic at the time of opposition, and then the earth’s shadow- 
cone misses the moon. If the moon, however, is at or near one of her 
7 iodes when in opposition to the sun, it must pass more or less into the 
earth s shadow ; for the centres of the sun, earth, and moon are then in, or 
nearly in, the same plane, and the earth’s shadow always reaches far beyond 
the greatest distance of the moon. Thus the two conditions for a lunar 
echpse are— 


(1) The moon must be in opposition, i.e. full. 

(2) The moon must be at, or near, one of her nodes. 

Lunar eclipses are of two kinds — total when the whole surface of the 
moon pass^ into the earth’s shadow, and partial when only a part of the 
moon s surface passes into shade. 

hig. 283 illustrates a total eclipse of the moon when she is in opposition 
at one of her nodes, and all three bodies are supposed to be in one and the 
same plan^the plane of the page. S represents the sun, E the earth, 
ana m different positions -of the moon in her orbit about the time of 


“ a crescent a porUon of the dark side is often 
lainll/ visible, owujg to sunlight reflected upon it from the earth. 
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opposition. By drawing lines from g and the upper and lower edges or 
limbs of the sun, throi^h c and the upper and lower points of the earth, 
and continuing these lines till they meet at k, we determine -the dark cone- 



Fig. 282.— The figures upon the circle represent the chief positions of the uihon in its 
orbit, The outside figures show the different phases. 


shadow, or utiibra, in which ail the sun’s light is cut off by the earth. 
By drawing the other lines, kev and from the upper and lower 
points of the sun through the opposite points of the earth, we find two 



spaces in which only a part of the sun’s rays are cut off by tlie earth, and 
where, therefore, there is only a faint shadow called the petmtubra. 

A lunar eclipse begins with the first contact with tlie penumbra, though 
there is but little daikening till it enters the umbra. As the moon’s eastern 
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limb enters the umbra, a part of the surface seems cut off, and in the case 
of a total eclipse the visible portion gets smaller and smaller till the whole 
disc passes into the shadow. A lunar eclipse will be total only when the 
moon is very near a node at the time of opposition, so that its course lies 
nearly through the centre of the umbra, and it may then last more than 
hours. In many lunar eclipses the moon is so far from a node that 
it passes above or below the centre of the umbra, and a part is in the 
shadow and a part outside, the eclipse being partial. 

Lunar eclipses are visible in the whole of that hemisphere of the earth 
which is turned towards the moon at the lime, those inhabitants seeing 
the whole of the eclipse who have the moon above the horizon while the 
eclipse lasts. 

In many cases of total eclipse the moon is still visible as a dull red or 
copper-coloured disc. This is owing to a small portion of simlight being 
bent or refracted into tlie shadow by tire earth’s atmosphere. 

An eclipse of the sim is seen whenever the moon’s shadow- 
cone falls upon the earth. This can only happen at new moon, 
ix. with the moon in conjunction. A solar eclipse, however, 
does not occur at every conjunction, on account of the 
inclination of the moon’s orbit to the plane of the ecliptic. 
But if the moon should pass through either node at or near the 
time of conjunction, in certain parts of the earth the sun may 
be wholly or partially eclipsed. Thus the two conditions for 
a solar eclipse are — 

(1) The moon must be in conjunction, i,e, new, 

(2) The moon must be at or near one of her nodes. 

Solar eclipses are of three kinds — totals partial^ and 
afinular. 

The moon’s umbra is only a little longer than her distance 
from the earth when the moon is nearest or in perigee, and the 
width of the shadow where it meets the earth seldom exceeds 
150 miles. Hence only a small part of the earth can be in 
total darkness at any time. With the moon in apogee, the 
shadow does not reach the earth, only the central part of 
the sun can be eclipsed to observers in the shadow-cone 
produced; so that a ring of the sun is still visible round the 
central dark portion, and the eclipse is annular (Lat. annulus^ a 
ring). We can illustrate the phenomena of solar eclipses by 
figures. 

In Fig. 284 let S indicate the sun, E the earth, and M the 
moon at conjunction, with the moon at a node and in perigee. 
The dai-k shadow-cone, or umbra, determined by drawing the 



Solar Eclipses. 


393 


igent lines gi and hk^ fall upon the earth's surface at ab, 
thin this space only is there a foial eclipse of the sun, the 
ipse beginning on the western limb of the sun. Between 
and c there will be a partial eclipse of the sun, its lower 
rtion being invisible; and between b and d there will also 
a partial eclipse of the upper portion of the sun, both these 
rtions being in penumbra. From cX.o e and from ^ to/ no 



[ipse is visible, nor is any eclipse seen in the shaded part of 
3 earth where it is night. 

As already remarked, a solar eclipse is total to but a small 
rtion of the earth, the breadth of the shadow-cone covering 
t a small space (averaging from 130 to 160 miles), as 
jstrated by Figs. 284 and 285. The duration of totality at 



Fig. 285.— Lunar cone-shadow, showing where the solar eclipse is total. 


y one place is small, varying from a few seconds to nearly \\ 

minutes, for the earth’s rotation carries every place eastward | 

ich faster than the moon moves eastward, and thus the [I 

adow-cone sweeps over a narrow belt of the earth until it !| 

sses from it. 1 

To illustrate the conditions of an annular solar eclipse, consider Fig. 286, 
ere the moon at a node and in conjunction is supposed to be in apogee 
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or at her greatest distance from the earth. In this case her apparent 
diameter is less than that of the snn, and the dark shadow falls short of the 
earth, b. Between the points a and where the sliadow-cone produced 
meets the earth, the central parts of the sun are covered by the moon, and 
the outer portion of the sun is seen for a time as a ring or annidm of light. 
Here the eclipse is anyiular (Fig. 287). From a to c and from b \.o d 2, 
partial eclipse is visible (Fig. 288). Beyond c and d no eclipse takes place. 



Fig. 286.— Annular eclipse of the sun, the shadow of the moon not reaching the earth. 


There cannot be an annular eclipse of the moon, for the earth’s shadow 
where it meets the moon is always greater in breadth than the diameter of 
the moon. 

A total or annular eclipse of the sun is a rare occurrence at any particular 
place. No total eclipse of the sun will be visible in England until June 
29, 1927, though one was visible in Norway on August 9, 1896. 



Fig. 287.— Annular eclipse Fig. 288.— Partial eclipses of the sun. 

of the sun. 


Astronomers eagerly examine these phenomena in order to study the 
chromosphere and corona surrounding the sun’s bright photosphere, for it 
IS only during a total eclipse that these phenomena become visiblo. 

Bearing in mind the conditions of lunar and solar eclipses, we can 
understand that, although the moon passes through a node about twenty- 
live times a year, it usually happens that she is not then in the same line 
as the earth and the sun, and that consequently eclipses do not happen as 
often. The greatest possible number that can happen in a year is seven — 
nve solar and two lunar ; the least jxissible number is two, both solar. 
But though solar eclipses are more numerous than lunar eclipses, it is not 
so widi those visible at a given place. For a solar eclipse can only be 
seen by people who happen to be on tlie narrow track described by the 
moons shadow across the earth, while a lunar eclipse is visible over the 
whole hemisphere that has the moon above the horizon during the eclipse. 
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292. How to find the Size and Density of the Earth. — 
.s we may consider the earth a globe or sphere, every meridian 
rcle is a circumference, and, Idee every other circle, contains 
5 o degrees. If, then, we find the length of one degree of a 
leridian, and multiply that length by 360, we get the earth^s 
rcumference. Prom the circumference we can obtain, by 
irtain rules of mensuration, its other dimensions, that is, 

3 size. 

Very accurate measurements of the length of a degree have 
sen made; but we will now indicate a simple though some- 
hat rough method. If we go exactly north along a meridian 
itil the midday sun at the same time of the year is one degree 
wer in the sky, we have passed over one degree of a meridian 
' the earth. The distance thus traversed is found to be about 
) miles. Now, 69 miles X 360 = 24,840 miles, the length 
the earth’s circumference. Dividing this by 3y, we get 
jarly 8000 miles for the diameter. Half the diameter is the 
dius, and from this we can obtain the area of the sphere, 
id the volume. 

We may use a star in a similar way to the use of the sun. 
Measure the altitude of the pole-star or other star above the 
irthem horizon, and then pass directly north on a meridian 
itil the altitude of the star selected is one degree further from 
e horizon at the same time of the day. (Note that the 
titude of the pole-star is always equal to the latitude of the 
ace of observation.) The distance traversed gives the length 
one degree of latitude on the earth’s surface— 69 miles, 
ore exactly niiles. If we go directly south until the 
ir is one degree nearer the horizon at the same time of the 
ly, the same result is obtained. 

The mass and density of the earth have been found by the 
ivendish experiment, first performed in 1798. The force 
Ih which a large lead ball attracts a small ball, is measured 
^ the aid of a torsion balance. The force with which the 
,rth attracts the small ball m is the weight of m. ^ow, since 
e law of gravitation states that the force of gravitation of a’ 
)dy varies directly as its’ mass and inversely as the square of 
e distance, we get the following proportion : — 
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Attractive force of large ball on m : weight of m : ; ^ 

where m is the mass of the small ball, M the mass of the earth, 
d the distance between the centres of the two balls, and D the 
distance of the centre of the large ball from the centre of the 
earth, where the force of the earth’s attraction may be regarded 
as collected. In this proportion the value of everything is 
known except M, and this can therefore be found from the 
proportion. As a result, the value of M is found to . be about 
6,000,000,000,000,000,000,000 tons (6 followed by 21 ciphers), 
which is the mass or weight of the earth. To find its 
density, or specific gravity, we must compare the weight of 
the earth with the weight of a globe- of water the same size. 
Knowing that a cubic foot of water weighs 62 J lbs., we can find 
the weight of this globe of water. Its weight is 5^ times less 
than the weight of the earth. Hence the mean density of the 
earth, or its weight compared with an equal bulk of water, is 5^. 

It is worthy of note that the rocks forming the earth’s crust have only 
an average density of 2|. A mean density of 5^, therefore, for the whole 
earth indicates that the interior of the earth has a much greater density than 
the outside. 

293. How to find the Sun’s Distance from the Earth, 
the Dimensions and Density of the Sun. — The planet Jupiter 
has five satellites, or moons, revolving round it, and these often 
suffer eclipse by passing into the planet’s long conical shadow. 
Indeed, every satellite but one is eclipsed at every revolution, 
and the beginning (or end) of every eclipse occurs at nearly 
equal intervals of time, as the orbits of the moons are nearly 
circular, and lie in the plane of the planet’s equator. The 
period of revolution and the interval between two eclipses of 
any satellite can thus be calculated and the times pre‘dicted. 
But Romer, a Danish astronomer, found that the times as first 
calculated and predicted were not exactly fulfilled at successive 
observations. Starting at the time of opposition, when the 
planet is Nearest the earth (O, Fig. 289), the obsei-ved times 
fall more and more behind as the earth moves on in its orbit 
to Qk Near Q\ supposing the planet to be still at J, Jupiter 
is said to be in quadrature, and the observed time is 499 seconds 



Distance and Dimensions of the Moon, 


397 


behind. When the earth is at C, Jupiter is at his greatest 
distance and in conjunction, and the observed time near C is 
998 seconds behind. Now, it is easy to see from the figure, 
that when the earth in its orbit is at Q\ and the planet in 
quadrature, that the earth is further from Jupiter than when 
it is at O and Jupiter in opposition, by a radius of the earth’s 
orbit. (At C the earth is two radii of its orbit further than 
when at 0 .) Why, then, is an eclipse-interval 499 seconds 
more when the earth is further from the planet by a radius of 
its orbit ? Romer concluded that this was due to the greater 



Fig. 289.— Illustrating eclipses of Jupiter’s satellites. 


distance that the light from the satellite had to travel. In 
other words, light requires 499 seconds to travel over the 
radius of the earth’s orbit, i.c. the distance of the earth from 
the sun. If we can next learn the velocity of light, we shall 
be able to obtain the sun’s distance. By experiments on tlie 
earth, light has been shown to travel with a velocity of 186,000 
miles per second. We thus come to the simple question — If 
light travels 186,000 miles in one second, how far does it travel 
in 499,seconds? The answer is 186,000 x 499 = 92,814,000 
miles, or nearly ninety-three million miles, and this is the dis- 
tance of the earth from the sun. 

"When we know the distance of the earth from the sun, we can find the 
sun’s diameter and other dimensions. For a halfpenny, which is just one 
inch in diameter, covers the sun’s disc when held at about three yards from 
the eye. At twice the distance from the eye we should require a coin tw^o 
inches in diameter, and so on. Now, the sun’s distance may be taken at 
93,000,000 miles, and this will be found to be 54,560,000,000 times greater 
than the distance of the halfpenny, and the diameter of the sun must 
therefore be this number of times greater than that of the halfpenny, i.e. 



39 ^ Elementary Physiography. 

54,560,000,000 inches, or about 861,000 miles. From the diameter we 
can obtain the radius, the area of the surface, and Uie volume. The 
volume is found to be 1,300,000 times the volume of the earth. But the 
sun's mass, or quantity of matter, is only about 330,000 times that of 
the earth, and hence its density, compared with, that of the earth, is 
330,000 

--- = o‘25 nearly, that is about one-fourth of the density of the earth. 

I y 000 

Now, the density, or specific gravity, of the earth, compared with water, 
is 5*5, One quaider of this gives nearly i’4 for the mean density of the sun 
compared \vith water. No doubt this low density is due to the high 
temperature of the sun, which causes the materials of which it consists to 
be mainly in a state of vapour, or gas. 

294, Distance and Dimensions of the Moon. — It is important to know 
that every triangle has three angles, and that the sum of these three angles 
is equal to 180°, i.g. to two right angles. If therefore the size of two 
angles be known, the size of the third angle can be readily found. Further, 
every triangle has three sides, and if of the six dimensions of a triangle, 
any three, one of these being a side, are known, the • other dimensions can 
be computed. These facts may be illustrated by a simple piece of 
apparatus. 

Experiment 109. — Take a rod or lath, AB, about a yard long, and ^ 
place it on a table on which other objects are placed at a distance, as 

G, F, etc. From each end of the lath point another lath at the distant 
object M, and measure by graduated arcs the inclinations of the two pointers 
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1>.*V known, and Ae angles 

formed by the lines AM and BM, it is then easy to calculate the angk at 

Ar“ aV 1 *0 ^ '"“y *e distances 

ACi, Ah, etc., may be found. This illustrates the principles by which a 
surveyor or an ^stronomer calculates the distance of an inaccessible object 
The angle formed by an object when seen from different ends of a base 
line IS called its au^le of parallax. Parallax may also be described as the 
apparent displacement of an object when it is observed from different 
posiOons and referred to a background. This is further shown in Fig 201 
Here AB is the b^e line, and the object X seen from A appeal to be 
sitmted at jr. Seen from B, however, it appears to be at a-'. Angle AXB 
or Its eq^ls, a-Xa-, or the subtended arc rA^ is the parallax of the object X 
A more distant object as P has a smaller apparent displacement when seen 
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from A and B, /.tv has a smaller parallax, and generally the more distant 
an object is the smaller is its parallax. 

In a similar way astronomers find the distance of the moon and other 
heavenly bodies, the earth’s diameter or a part of it being the base line. 
By the help of a figure and a little 
thought it will be seen that tire 
nearer an object is to the zenith, 
the less will be its parallax, and 
vice vcisd. An object will have 
the largest parallax when it is on 
the horizon (Fig. 292) . The equa- 
tonal horizontal parallax of a 
heavenly body is the angle at the 
centre of the heavenly body sub- 
tencleii by a radius of the earth. 

In finding tlie distance of the 
moon, observations are made witli 
suitable instruments at the end of 
a base line, so that the angle which 
a radius of the earth subtends at 
the centre of the moon can be 
calculaterl. The angle thus ob- 
tained is the moon’s equatorial 
horizontal parallax- In Fig. 292 
HME is the moon’s horizontal 
parallax, or angle subtended at 
the centre of the moon by the 
earth’s radius HE, when the moon 
is on the horizon. From the 
moon’s horizontal parallax its dis- 
tance can be found. For the 
other angles of the triangle HME are ea.sily found, that at H being a right 
angle, since it is formed by the radius EH and the tangent-line MH, and 
the earth’s radius EH has been before detennined. Knowing one side and 
the angles of the triangle HME, the otlier sides HM or EM, the distance 
of the moon, can be calculated. 

When we have found the moon’s distance, we can find its real diameter 
and other dimensions, as in the cose of the sun. Its apparent diameter is 



Fig. 29a. — Moon’s horizontal parallax. 


nearly the same as that of the sun (about half a degree), and hence a half- 
penny one inch in diameter, or a paper disc one inch in diameter, at a 
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distance of 9 feet just covers the full moon. Its mean distance being about 
239,000 miles, it is about 137,000,000 times more distant than the half- 
penny, and its diameter must tJierefore be the same number of times greater 
than the halfpenny — 137,000,000 X i inch = 2160 miles nearly. 

From this result its volume is found to be about ^ of the earth’s 
voltmie. The measurement of its mass gives about ^ that of the earth’s 
mass. As density is equal to mass divided by volume, its density is 
found to be a little more than I that of the earth, or about 3* 3 the density 
of water. The force of gravity on its surface is only J that on the earth, so 
that a body would fall 2‘6 feet in the first second instead of 16 feet as on 
the earth. 


295, The Celestial Globe. — The celestial globe is a ball mounted in a 
framework, and upon it are drawn the circles of the celestial sphere and 
a map of the stars. A horizontal wooden ring going round the globe repre- 
sents the rational horizon, a celestial object being visible if it be on that part 
of the globe above the plane of this horizon. The meridian is represented 
by a vertical brazen graduated circle, and the globe turns on an axis, the 
ends of which are the poles . Such a globe may be used to illustrate the daily 
motions of tlie heavenly bodies, as well as other astronomical phenomena. 
To use the globe, however, we must set it for the particular latitude where 
we wish to note these motions. To do this, it is necessary to elevate its 

north pole to an angle above 
2 its horizon equal to the ob- 

server’s latitude, for we have 
learnt that the altitude of the 
pole above the horizon is 
always equal to the latitude 
of the observer. Having set 
the globe, we shall see, on 
turning the globe roimd its 
axis, the path of any par- 
M ticular star, and be able to 
note the extent of its circuit 
above the horizon. Thus if 
the pole of the globe be ele- 
vated 90® so as to point to 
the zenith, we shall represent 
the situation of an observer 
at the north pole, and the 
stars will be seen to describe 
circles parallel to the horizon. 
If now we place the poles of 
the globe in the hjjrizon, we 
are able to understand the 
position of an observer at the 
equator, for on turning the 
globe all the stars will be 
seen to describe circles per- 
Fig. 393. — ^Celestial globe, set for the latitude of pendicular to the horizon, 
London. the circles diminishing in size 

as we pass from the equator 
to either pole. When the pole of the globe is elevated to 5iJ° we see 
the motion of the stars as an observer at London does. 

We may also use the celestial globe to represent the various diurnal 
courses of the sun at different latitudes, and thus to examine the variatinnft 


also use the celestial globe to represent the various diurnal 
LC sun at different latitudes, and thus to examine the variations 
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in the length of day and night. In Fig. 293 the globe is set for the latitude 
of London, the arc HP being 5 The same wooden ring HFH represents 
the horizon, and the meridian is represented by the brazen ring HZM passing 
tlirough the zenith Z and the pole P, and this meridian meets the horizon 
at right angles. A great circle drawn perpendicular to the polar axis, of 
which one half, FEG, is above the horizon, represents the celestial equator, 
or equinoctial, and this meets the horizon at the east and west points, F 
and G. The observer is at O. By turning the globe on its axis PQ, it 
will be seen that when the sun is on the equator (a small piece of paper may 
be gummed on in position to represent the sun) it will, in the course of one 
revolution, be above the horizon for half its path and below the horizon for 
another half, rising exactly east and setting exactly west. Day and night 
are thus seen to be equal when the sun is on the equator. N ow, the sun’s 
yearly path is on the ecliptic, the line crossing the parallel circles in the 
figure, and this crosses the equator only at the vernal and autumnal 
equinoxes. After March 21 the sun passes north of the equator, and its 
diurnal path ceases to be a great circle and becomes a small circle parallel 
to the equator, the dimensions of which gradually decrease until it reaches 
a declination 23]° (more exactly 23*^ 27') north of the equator on June 21, 
the date of the sunimcr solstice. The point h indicates the position of the 
summer solstice, the arc ah being 23^*^. The small circle Tl represents fne 
daily patli of the sun at a 
date between March 21 and 
June 21, and it is plain tliat 
the part of this circle above 
the plane of the horizon is 
greater than the port below 
it. Hence the length of 
day exceeds that of night. 

Moreover, the rising point 
of the sun when his daily 
path is on the small circle II 
IS to tlie north of tlie east 
point F, its culmination on 
the meridian is above the 
point of culmination when 
on the equator, and its 
setting-point is to the north 
of the west point G. In- 
crease in the sun’s nortliem 
declination thus increases in 
the Northern Hemisphere 
the length of the day and 
the nooncftiy altitude of the 
sun, and increase in noonday 
altitude means a diminution 
in the zenith distance 
Change of declination also 
causes the sun’? amplitude 
of rising and setting to 
change. A small circle parallel to IT and passing from h to V would represent 
the sun’s daily path when its declination is at a maximum, and when, there- 
fore, those qualities that increase with increase of declination nortli are at a 
maximum- After the summer solstice the sun begins, in his movement on 
the ecliptic (see Fig. 259), to return to the equator, which he reaches again on 
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September 22, the autumnal equinox, when the days and nights are again equal. 
After September 22 the sun’s southern declination decreases ; his daily path 
becomes a small circle of the celestial sphere parallel to the plane ot the 
equator and to the south of it. This circle decreases in size until the winter 
s^tice is reached, December 22. The diurnal path of the sun on a day 
between the autumnal equinox and the winter solstice is represented by the 
small circle JJ. It is easy to see that the greater part of this circle is below 
the plane of the horizon, and that when the sun is on this circle day must 
be shorter than night, the altitude of the noonday sun must be less than at 
the equinox, and that when the sun is below the equator he rises to the 
south of east and sets to the south of west. A small circle parallel to J J 
and passing from c to c* would represent the sun’s daily path when its 
southern declination is at a minimum, and when, therefore, the days are 
shortest and the midday altitude least. From December 22 the sun passes 
back towards the equator and a series of changes in the relative lengths of 
the days and nights is repeated in inverse order, until, when the sun reaches 
the vernal equinox in the course of 365^ days, tlie cycle of changes is com- 
plete. By elevating the pole to a greater height above th6 horizon, we 
shall find that the portion of the sun’s daily path abov^ the horizon after he 
1 raves the vernal equinox increases with increase of latitude, until, at an 
elevation of 66|°, the sun at the summer solstice would just skirt the northern 
horizon at midnight, so that the longest day at this latitude would be 24 

hours. At the winter solstice 
the sun at noon would only 
just reach the horizon, so that 
the shortest day would be a 
day without the sun. 

Going to a still higher 
latitude, as 75° N., where the 
pole is only 15° from the 
zenith, we should find that 
n the sun in his daily path after 
the vernal equinox remained 
srill longer above the horizon 
each day, and as his declina- 
tion gradually increased, the 
whole of the diurnal path day 
after day for 103 days would 
be above the horizon. Fig. 
294 shows a globe set for a 
northern latitude of 75°. 
When the sun is on the equator 
at this ladtude, as a| any other 
latitude north of the equator, 
he rises in the east, sets in 
the west, and day and night 
are equal. But as he passes 
northward in his path along 
Fig. 295. — Celestial globe set for equator. 1^^ ecliptic, the portion of his 

daily path that appears above 
the horizon rapidly increases, and soon the whole of the path day after day 
is above the horizon. Thus in the figure the small circle II, representing 
his daily path as before at a date intermediate between the vernal equinox 
and the summer solstice, only just reaches the horizon. At a latitude of 
75*^ N. a little calculation will show that, after a declination of 15° N. is 
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reached, the whole of the sun*s daily path will be above the horizon until 
the sun attains its maximuni declination 23^*^ N., and returns again to that 
of 15° N. It will be noted that the greatest noonday altitude of the sun 
at this latitude is only 15° + 23° = 38J°. Thus is explained the phe- 
nomenon of the midnight sun wdthin the Arctic Circle. The decrease in 
the length of day and night as the sun passes south of the equator, and the 
continuous darkness of winter for many days at this latitude will be readily 
understood. Passing to the north pole itself, we should there find the sim’s 
daily path to be in small circles exactly parallel to the horizon. The sun 
at the summer solstice would perform his daily circuit of the heavens in a 
circle always 23i° above the horizon, at the equinoxes his path would be 
on the horizon, and at the winter solstice his path w'ould be on a circle 23!° 
below the horizon (see Fig 263). The path at intermediate dates can be 
easily realized. 

Passing to the extreme of this, to the equator, an observer there would 
see the sun perforni his daily path in vertical circles perpendicular to the 
plane of the horizon. Fig. 295 shows a globe set for latitude 0°. Day and 
night would always be equal, os one half of the sun’s daily path would 
always be above the horizon, and one half always below. The sun would 
be twice in the zenith. At midsummer he w^ould have a zenith distance of 
north of the equator, and at the midwinter a zenith distance of 23^° 
south of the equator. The amplhude of his rising and setting points 
would vary to the same extent. We add a table giving the number of 
days during which the sun does not set in summer nor rise in winter at 
various latitudes in the Northern Hemisphere : — ' 


North 

Sun does not set 

Sun does not rise 

Latitude, 

for about 

for about 

66° 33' 

I day 

I day 

70 

65 days 

60 days 

75 

103 .. 

67 ,, 

80 

134 n 

127 ,, 

00 

161 „ 

153 ,1 

90 

186 „ 

179 n 


The difference between the number of days on which the sun never sets 
and the number on which he does not rise is accounted for by the fact that 
he takes about seven days longer to move through the portion of his yearly 
path north of the equator than he takes to move through the portion south 
of the equator (par. 287), 

We may also remark that in speaking of the length of day at different 
latitudes, no account is taken of refraction (par. 86). At the horizon the 
mean refraction is about 33', and the effect of this is to accelerate the time 
of sunrise and to retard the time of sunset. As the mean apparent 
diameter 6f the sun is about 32', the sun appears to^ be just above the 
horizon when in reality it is just below, owing to refraction. For the same 
reason stars are visible for a short time just before they actually rise and 
just after they have really set. 
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A nsrvi^rs should he iUustrcited by diagrams udienever possible. Keep the 
answers coi'respanding to the various parts of the same imml>ei‘ed question 
distinct. 


QUESTIONS ON CHAPTER I. 

1. Explain the terms matter^ substance.^ and body. What is meant by 
saying that matter has a molecular structure ” ? 

2. Jf you take a jug of muddy -water from the seashore, how could yon 
remove the mud and other suspended matter ? What will become of the 
salt in solution ? 

3. Define and distinguish the three forms or states in which matter exists. 
Is the distincti )n always sharp and clear ? 

4. Explain the terms inipenetrability^ cohesiou^ and ; igidiiy^ as applied to 
r arious belies. 

5. Describe two simple experiments to show that there'is no loss of matter 
during solution or burning, 

QUESTIONS ON CHAPTER II. 

1. What is tire British unit of length, and what is the metric unit of 
length? How is each of these units divided ? What are the advantages 
of dividing according to the metric system ? 

2. Write out the metric table of area. How many square ihehes in a 
square foot, and how many square centimetres in a square metre? 

Ans. 144 • 10,000. 

3. Wdrat is a litre? How many cubic centimetres does a litre contain? 

How many litres make a kilolitre? Ans. 1000 * 1000. 

4. What is a gram ? Write out the metric table of weight What is the 
equivalent in English weights of a gram and a kilogram ? What is the con- 
nection between the metric unit of mass and the metric unit of volume ? 

5. What is the geneml unit of time ? How would you arrange a simple 

pendulum to beat seconds ? ^ 

6. Explaiii the common system of angular measuremeni. Define the word 
degree as used in angular measurement. 
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QUESTIONS ON CHAPTER 111. 

1. State ihe general law of cavitation. Histingiu^h between the mass 
and weight of a body. 

2. Define specific Plow would ycu find the sj^ecific gra>'ijy 

of milk ? 

3. What is meant by the principle of Archimedes? How would you 

prove this principle ? v 

4. Plow can you find the volume of water displaced by a solid body which 
sinks in water ? What does this show ? 

5. Explain with sketch how you would find the specific gravity of an iron 

key. If the key weighs 100 grams in air and 86 J grams in water, what is its 
specific gravity, and its volume? Ans. 7 31 ; 13*66 c.c. 

6. A fifty -gram flisk will hold 45 grams of ammonia solution and 84 
grams of sulphuric acid ; what is the specific gravity of those two liquids ? 

Arts. 0*9 and i'68. 

7. Under what conditions do bodies sink or float in a liquid ? How could 
you show that the mass (weight) of water displaced by a floating object is 
e<|U'il to the whole mass (weight) of the object ? 

8 . Explain the use of the term densUy. Plow is density rdatc*d to niass 
and vohtnit: i 

9. P'ind the weight of 24 cubic inches of copper, the specific gravity of 
which is 8-82, having given that a cubic foot of water weighs 1000 ounces. 

Aus, I22’5 0 Z. 

10. If a body floats in water with one-fifth its volume above the surface, 
what will be the weight of one c.cm, of the body? 

Solution. Since the weight of a floating body is equal to the weight of 
llie fluid displaced and four-fifths of the body is immersed ; therefore the • 
whole body weighs four-fifths the weight of the same bulk of water. Plence 
also I o.cni. of the body weighs four-fifths the weight of i c.cm. of water, 
i.e. 3 gram. 


QUESTIONS ON CHAPTER IV. 

1. Explain the terms motion^ rcciilhuar motion, uniform rectilinear 
motion, and velocity. 

2. Express in feet per second a velocity of 30 yards per minute, and find 

how long a point moving at the rate of 6 feet per second takes to move 120 
yiU'ds. Ans. feet per sec. ; i minute, 

3. Viliat is meant by acceleration t What is the acceleration that gravity 
can produce, and how would you find it ? 

4. Through what sjiace will a body fall in 6 seconds, and what velocily 
will it have at the end of that period ? Ans. 576 feet ; 192 feet per sec. 

5. Ex'ploin the meaning of the term inertia, and give three examples of 
this property of bodies. 

6. What is meant by the terms furce and rnoineniuvi I Plow can each be 

measured? A body whose mass is 6 lbs. has a momentum of 576 uniis. 
What is its velocity ? Ans. 96 feet per sec. 

^ 7. State the principle called the farallclogram of forces and describe how 
its truth may be proved experimentally, 

8. Two forces P and Q, P being 6 lbs. and Q being 17^ lbs., act (i) 
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both due north ; (2) P due north and Q due south ; (3) P due north and Q 
due east. Find the magnitude and direction of the resultant in each case. 

Afts. (i) 23^ lbs. due north ; (2) ii| lbs. due south ; (3) in this case the 
forces act nt right angles, 18 lbs. in a direction more east than north. 

9. Illustrate by means of an example what is meant by the resolution 
of a force.^^ 

10. State Newton’s third law of motion, and give examples. 

11. Define forcSy momentum^ aud stress. What is the momentum of a 

body whose mass is half a hundredweight, and whose velocity is 20 feet per 
second? Ans. 56 X 20 = 1120 units of momentum. 

12. Explain how rectilinear motion is converted into circular motion. 
Discuss the term “ centrifugal fo 7 re.^* 

13. What is '■^angular velocity f and how is itmeamred ? 

I p Explain {a) Why it is an advantage to run before taking a leap. 

{b) Why the velocity of a body falling freely continually 
increases. 


QUESTIONS ON CHAPTER V. 

1. Explain what is meant by parallel forces. How would you find 
experimentally the resultant of two like parallel forces? 

2. Two like parallel forces of 9 lbs. and 12 lbs. act at points 2J feet 
apart. Find the magnitude, direction, and position of the resultant. 

lUolution. The magnitude of R = g+I2 = 2i lbs. The direction is 
the same the two forces and parallel to them. The position of the 
resultant divides the distance between the forces in inverse proportion to 
the forces. Let the distance from the 9 lbs. be x inches. Then the dis- 
tance from the 12 is (30 — a:) inches. /. — 12 (30 — x) ; 9,r + I2x 

= 360 ; /. 2 ix = 360 ; /. j: = 17,^ inches. 

3. State aud exemplify the principle of the lever. 

4. Give examples of the various classes of levers- Which kind has no 
mechanical advantage, and why is it used ? 

5. A lever of the first kind is 20 feet long, and a force of 21 lbs. is 

made to raise a weight of 39 lbs. with it. What is the length of the power 

arm ? Ans. 13 feet. 

6. Explain by means of an example the use and advantage of the single 
movable pulley. 

7. ^ On an inclined plane when the power is acting parallel to the plane, 
what is the relation of the power to the resistance ? How would you show 
this relation experimentally? 

8. Give an example of the practical use of the screw. If the pitch of a 

screw be half an inch, and the length of the lever by which it is turned be 
two feet, what force will be required to raise one ton, friction being 
lected ? Afis. 7^ lbs. 


QUESTIONS ON CHAPTER VI. 

1, Describe how you would find the centre of gravity of an irregular 
piece of sheet-iron. How would you prove that the point found was the 
true centre of gravity ? 

2. What conditions must be fulfilled if a body is to remain at rest upon 
a surface ? 
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3. When is the equilibrium of a body stable I When is it unstable^ and 
when 7 ieiiirall 

4. What position is taken up by a suspended body, and why? In 
loading a cart, where should the heavy objects be placed, and why ? 

5. Where is the centre of gravity of a boy’s iron hoop? Plow would 
you fi nd it ? 


QUESTIONS ON CHAPTER VII. 

1. What is meant by the term toorkl Mention cases {a) in which a 
force is doing work, (b) in which a force is doing no work. How much 
work is done in raising half a ton two yards high ? Aas. 6720 foot-lbs. 

2. Distinguish between work and cttergy. How can it be shown that 
a falling stone and a reservoir of water possess energy ? 

3. Describe e.xperinients to show {a) that energy may be transferred 
from one body to another, {b) that the energy of visible motion may be 
transformed into heat, (e) that the energy of heat may be transformed into 
the energy of visible motion, 

4. How can you show («) that an electrified body possesses energy, 
{b) that an electric current possesses energy ? Into what other forms of 
energy is tlrnt of the electric current often transfunued ? 

5. Illustrate by three examples ‘Hhe energy of chemical action.” 

6. What is meant by radiant energy or the energy of radiation / How 
does the sun’s radiant energy reach the earth ? 


QUESTIONS ON CHAPTER VIIL 

1. How do you distinguish between the heat of a body and its tem- 
perature ? 

2. How would you show {a) that a solid body expands on being heated, 
(/;) that some solids expand more than others? 

3. Describe with sketch the construction of a simple water-thermometer. 
What liquid has less expansibility than water ? 

4. What is there special about the expansibility of gases? Explain tlie 
construction and use of a dififerential air-thermometer. 

5. Carefully explain how you would graduate a thermometer, supposing 
the tube to have been properly supplied with mercury and sealed- 

6. Describe some form of maximum thermometer, and state facts about 
its use. 

7. To what extent does water behave exceptionally when heat is added 
or withdrawn? Plow could you show that water has its maximum density 
at4°C.? 

8. How would you show {a) that silver is a better conductor of heat 
than iron, {b) that water is a bad conductor of heat, (c) that air conducts 
heat badly, {e) that wood is a worse conductor than iron? 

9. Explain with sketch the mode in which a vessel of water placed upon 

the fire is heated. ^ 

10. Give some account of what is spoken of as “radiant heat” Is the 
term strictly correct? 

11. How is heat measured? What is meant by saying that iron has a 
greater cabacily for heat than lead ? 
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12. What hs meant by specific heat? Why is the great specific heat of 
/ater important? 

13. Ice at 0° C. is placed in water at 0° C., and the vessel is slowly 
eat^. What changes would a thermometer placed in the vessel undergo ? 

14, Distinguish between evaporaiioii and ebtdlittoii or boiling. On 
,’hat conditions does the boiling-point of water depend ? 

15, How can you show that heat-energy is required to turn liquid water 
nto water vapour ? What becomes of this heat-energy, and under what 
ircumstances may it be made to reappear ? 


QUESTIONS ON CHAPTER LX. 

1. Mention reasons for believing that light travels in straight lines. 
Explain how you would obtain an inverted image of a candle flame in a 
iarkened room. What should be done to increase the size of the image ? 

2. What do you understand by the terms s?,adoiVi nmbray penutnbra ? 
Add drawings to illustrate your answer. 

3. Under what circumstances is light reflected? What is the law of 
reflection, and how would you illustrate it ? 

4. Whep a plane mirror is made to rotate, how does a reflected beam 
of light behave ? 

5. How are the images jof trees, houses, etc., formed in smooth water, 
and why do diey appear inverted ? 

6. What happens to rays of light (a) when they pass obliquely from one 
medium into a denser mediiun, (b) when they pass from one medium into 
a rarer medium ? 

7. State and e.xplain two curious deceptions caused by the refraction 

of light. ♦ 

8. What two eSects are produced when light is sent through a prism ? 
Explain these effects. 

9. Plow would you proceed in order to obtain a prismatic spectrum ? 
How can the various colours of the spectrum be put together again, and 
what would be the eflect? 

10. Why are some flowers red and others blue ? What colour would 
each have in the blue part of the spectrum ? 


QUESTIONS ON CHAPTER X. 

1. Define the terms e'eincnt and compound^ giving three examples of 
each. What is a binary compound ? 

2. Explain how you would prepare and collect oxygen. 

3. Describe experiments to illustrate the properties of oxygen, and care- 
fully explain what is meant by ccnnbtisiion. 

4. Briefly describe two modes of preparing hydrogen gas. What sub- 
stance is formed when hydrogen bums? 

5. State the chief physical properties of Avater. How would you show 
that ordinaiy’ water contains air in solution? 

6. What apparatus would you require to show that water is n compound 
of oxygen and hydrogen ? In what proportion do those two elements exist 
in water, [a] by volume, {b) by weight ? 

7. What is the composition of dry air? How would you show that 
ordinary au* contains water vapour? 
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8. How would you obtain nitrogen from tlie air, and what experiments 
would you perform to show the properties of this gas ? 

9. How can the oxygen of the air be made to combine with copper to 
form copper oxide ? How can the oxygen of the copper oxide be taken 
away again ? 

10- State carefully the distinctions between a chemical compound and 
a mechanical mixture. To which class do air and water belong? Give 
reasons for your answer. 


QUESTIONS ON CHAPTER Xl. 

1. Describe the chief varieties of carbon and the special properties of 
each. 

2. How would you prepare and collect carbon dioxide gas ? 

3. What happens {a) when a piece of sodium is placed on water j 
{h) when a dry glass is placed over a burning candle j {c) when carbon 
dioxide is shaJzen up with lime-water ? 

4. A piece of chalk or otlier form of limestone is strongly heated. 
What change takes place in its weight and composition ? 

5. Distinguish between limestone and lime. What happens (<?) when 
lime is strongly heated, {b) when water is poured upon it ? 

6. Contrast the properties of acids and alkalies. What is formed when 
an acid is added to an alkali ? 

7. Under what conditions does iron rust? What occurs when iron rusts ? 

8. What are the chief physical properties of mercury ? How would 3 ou 
find its specific gravity ? How could you obtain mercury from mercuric 
oxide ? 

g. What is the composition of quartz and flint? How would you 
distinguish quartz from glass? What chiss of compound is formed when 
silica unites with a metallic oxide ? 

QUESTIONS ON CHAPTER XII. 

1. Describe what can be seen on examining a piece of coarse sandstone 
and a piece of granite. 

2. What is a rock? a mineral ? Mention the most abimdant rock and 
the most abundant mineral in the earth’s crust. 

3. By what properties are minerals recognized ? Explain the meaning 
of the terms cleavage and hardness as applied to minerals. 

4. Give some account of the mineral felspar. 

5. Give an account of the crystalline form and chemical composition of 
quartz. What is its position on tlie scale of hardness ? 

6. W^iat do you laiow of the minerals, mica^ hornblende, and ppsum / 

7. What varieties of calcite are known ? Plow would you distinguish 
calcite from quartz ? 

8 . Tell wnat you know about mica. 

QUESTIONS ON CHAPTER XIII. 

1. Point out the chief differences between stratified and unstratified 
rocks. By what other names is each of these classes known ? 

2. Distinguish between rocks that have a crystalline structure and those 
that are non-crystalline, naming members of each class. 
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3. Describe a piece of conglomerate and a piece of sandstone, 

4. What do you know of the formation of clay and shale 'I 

5. Carefully state — ■ 

[a) The chemical composition of coral. 

[b) The parts of the world where coral rocks abound. 

(f) Why coral is spoken of as an organic rock. 

6. Under what conditions do the coral polyps live and thrive? Is coral 
rock the %vork of the coral polyps ? 

7. Give a short account of the chief varieties of limestone. 

8. What is the chemical coihposition of coal ? How does it differ from 
peat ? 

9. What ai-e stalactites and stalagmites ? How are they formed ? 

10. Classily die igneous roclcs : (i) according to mode of occurrence ; 
(2) according to chemical composition. 

1 1 . Give some account of the different varieties of laua, 

12. Describe carefully the rock basalt. What is its chemical com- 
position ? 

13. Give a brief description of obsidian and pumice. 

14. What are inetamorphic rocks? How have they been produced? 
Mention four examples of this class. 

15. Compare and contrast graniti. 

16. Explain what is meant by lamination and foliation. 

17. What do you know of («) kaolin, [b) rhyolite, (t) mica-schist ? 


QUESTIONS ON CHAPTER XIV. 

1. How does the temperature of the earth’s crust vary as we pass into 
it ? What is meant by “ the stratum of invariable temperature ” ? 

2. Give an account of the chief events that occur during a volcanic 
eruption. 

3. Carefully enumerate and describe the chief products of a volcanic 
eruption. 

4. Tell what you know about a lava stream. What are acid lavas and 
basic lavas ? 

5. Enumerate the diflerent varieties of volcanic cones, and Ulustrate by 
means of a diagram the structure of a composite cone. 

6. Point out the mistakes in the following : “ A volcano is a burning 
mountain that ejects smoke and ashes.” 

7. Write a short description of each of the following : a volcanic bo nib ^ 
scoricB, lapilli^ a lateral crater., a fumarole. 

8. Trace out the bne of volcanoes that borders both sides of the Pacific 

Ocean. *' 

9. In what parts of the world are earthquakes most frequent? How is 
the point of origin of an earthquake shock ascertained ? 

. 10. What proofs have we that variations of land level occur in different 
parts of the world ? Carefully describe a raised beach, 

11. On what shores is the land now sinking? Wfiat proofs of land 
subsidence may be pointed to? 

12. What is meant by volcanic ash, a volcanic dyke, a parasitic cofie, 
a solfatara ? 

13. What are the most striking effects of earthquakes? Is it right to 
say that earthquakes have 1 aised to heave 11 the ocean bed ? 
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QUESTIONS ON CHAPTER XV. 

1. What do you know of the dust particles present in the atmosphere? 

2. When is the air said to be dry 1 How is the humidity of the air 
Lscertained ? 

3. Plow would you show that the air exerts pressure in all directions? 
Vhat is the average amount of pressure that it exerts ? 

4. Describe the construction and action of a syringe. 

5. Explain the con'^tniction and action of a common suction pump. 

6 . How is a cistern barometer constructed? What would be the effect 
:)f {a) sloping the tube to one side, {b) making a small hole in the top? 

7. What ii meant by “the height of the barometer”? How is the 
ixact height obtained {a) in Fortin’s barometer, {b) in a siphon 
jarometer ? 

8. What are the advantages of mercury (::) for thermometers, {b) for 
barometers ? 

9. State the law that shows the relation between {a) .the volume and 
.he pressure of a gas, {b) between the density and pressure of a gas. De- 
scribe an experiment to prove the former. 

10. How do the pressure and the density of the air vary with increase 
of altitude? What would be the effect of taking a barometer, (rt) up a 
mountain, (iJ) down a coal mine ? 

11. What causes lead to changes in the atmospheric pressure? Why 
does a barometer usually rise on the approach of fine weather ? 

12. Explain the words isobar and isotJu'rm. 

13. State the nature of the corrections that must be applied to the 
readings of barometers when these readings are taken at different places. 

14. How is the air warmed? Why is it hotter {a) in summer than in 
winter, [b) in Egypt than in Scotland, {c] at sea level than upon the summit 
of a neighbouring mountain ? 

15. Give a clear account of land and sea breezes. 

16. In what regions of the earth do the trade winds blow ? What is 
their cause ? Why do they not blow exactly north and south ? 

17. Give some account of the monsoons. 

18. What are the characteristics of a cyclone and an anticyclone I 


QUESTIONS ON CHAPTER XVI. 

1. State as accurately as you can — 

(^?) The two chief solids in solution in sea- water, and the per- 
centage amount of these solids. 

^h) The way in which you could obtain these solids from a quan- 
tity of sea-water. 

(f) The sea that contains the largest percentage of solid matter 
in solution. 

• {d) The average density or specific gravity of sea-water. 

2. Give an account of the mode in which a deep-sea sounding is made, 
and how a specimen of the ocean floor is brought up. 

3. Describe, with the aid of a sketch map, the floor of the Atlantic 
Ocean, 

4. Wliat do you know about the temperature of the ocean, {a) at the 
surface, (^) at great depths ? 
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5. Explain how the sea acts in destroying the coast in various districts. 

6 Enumerate the different varieties of deposits that are found on the ocean 
floor, and say at what depth each kind is met with. 

7. What becomes of — 

{7) The calcium carbonate dissolved in sea-water ? 

{b) The slight quantities of silica dissolved in sea-water? 

(r) The angular boulders broken off a cliff by the action of the 
waves ? 

{d) The calcareous shells of Foraminifera that fall into the deepest 
parts of the ocean ? 

8 . Compare, the microscopic appearance of chalk and Globigerina ooze. 

9. What is the average percentage of solid matter dissolved in sea-water ? 
Why are some inland seas salter than the open ocean, while some are less 
salt ? 

10. What different varieties of ooze have been found on the ocean floor ? 

11. What is meant by sea-level? What causes disturb a mean sea- 
level ? 

12. From what sources does the sea obtain the salts it holds in solution ? 
What organisms make use of the small percentage of silica in ^ea-water ? 


QUESTIONS ON CHAPTER XVII. 

1. What do you consider to be the chief causes of ocean currents ? How 
have the direction and speed of ocean currents been ascertained ? 

2. Give some account of the origin, course, and effects of the Gulf 
Stream. 

3. What is the main current of the Pacific? Describe its course. 

4. What do you know of {a) the Cold Wall, [b] the Sargasso Sea, {c) the 
effect of the monsoons on the currents of the Indian Ocean ? 


QUESTIONS ON CHAPTER XVIIX. 

1. At what temperature does sea-water freeze? How is it that the water 
from melted sea-ice is almost fit to drink? 

2. Describe the iccyoot^ an icc-Jield^ and an ice-Jioe. 

3. Explain the origin of icebergs. Compare the portions of a berg 
below water and above water. What ultimately becomes of an iceberg and 
its burden? 

4. How do Antarctic icebergs differ from Arctic icebergs? What is the 

Ice Barrier of the Antarctic ? • 


QUESTIONS ON CHAPTER XIX. 

1. Under what circumstances does water evaporate into the air freely? 
What lends to condensation of this water vapour ? 

2. Of what does dew consist ? From what sources is it derived ? What 
atmospheric conditions are favomable to its deposition ? 

3. Of what does a fog consist ? What part do dust-pai*ticles play in its 
production ? Where are fogs most frequent ? 
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4. Explain the construction and use of the rain-gauge. 

q. Write down — 

( i) The mean annual rainfall of the west side of Britain. 

{/f) The mean annual rainfall of the east aide of Britain. 

{c) The main cause of the difference between those two. 

{(i) The place in England with the greatest annual rainfall, and the 
place with the least. 

6. In wdiat parts of the world is there no rainfall ? Account for this 
dreme dryness in tliree cases. 

^ 7. What portions of the globe have rainy seasons, and when do these 
liny seasons occur ? 

8. Why has the eastern side of the British Isles less rainfall than the 
esteni side ? What is the mean annual rainfall of the towm where you live, 
id how is it found ? 

9. Draw some forms of snow -crystals. In what parts of the world is 
low never seen at the seadevel ? 

10. Define sfwiv line, and give the height of the snow-line at the equator, 
i Central Europe, and in Scotland, What circumstances 'influence tlie 
eight of the snow-line besides latitude ? 

11. Account for (rt) the great rain-fall on the IChasia Hills in Assam ; { 1 )) 
le arid nature of the desert of Gobi ; (r) the inhospitable climate of 
.abrador ; {d) the genial warmth of North Italy. 

12. How would you find {a) the mean Vainfall for the month of January 
; any place, {0) the hygroraetric state of the air on a given day? 


QUESTIONS ON CHAPTER XX. 

1. Explain the terms denudation, erosion, and dihris, and name the 
Kief agents of denudation. 

2. Give some account of the action of the atmosphere and the rain upon 
icks. 

3. Point out the action of rivers on the surface of a country. What is 
river-ten ace I 

4. What rivers form deltas ? Of what does a delta consist ? How does 
happen that the bed of a river in a delta may be higher than the general 

ivel of the Imid around ? 

5. What are surface springs, and how are they formed? Mention other 
arieties of springs, and describe one of them. 

6. What causes a glacier to move? How has the motion been proved? 
Compare the rate of motion in Aljiine and Arctic glaciers. 

7. In what way does a glacier net as an agent in transporting rocks? 
Vhy are^he waters that issue from a glacier usually very turbid ? 

8. By what indications do we infer the presence of glaciers in districts 
diere they are no longer found i 

9. Briefly describe each of the 'following : pot-hole, gorge, canon, 
Iluvium, sand -bank, glacier table, moulin, roche vioutonnte, dyke, 

10. What are contour Ihiest And what con be learnt from their 
ispection ? 

11. Account for the following statements : — 

{a) All the rivers run into the sea, yet the sea is not full. 

{b) The sea owes much of its salt to fresh water streams. 

(^r) There would be no snow if it were not for the heat of the sun. 
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QUESTIONS ON CHAPTER XXI. 

1. Describe the construction and behaviour of a simple magnetic 
needle. 

2. How would YOU show (a) that the like poles of two magnets repel ont 
another ; (^) that the strength of the magnet’s attractive force is greater at 
one of its poles than at the middle of the magnet ? 

3. Explain what is meant by the mag»tctic field of a magnet, and how 
this field can he examined. 

4. Describe the phenomenon known as mapietic induction, 

5. Give a short account of the declinaiion of the compass neerlle. 

6. Explain how a magnetic needle dips from the horizontal in different 
localities. 

7. Give a short account of the magnetic condition of the earth. 

8 Describe a magnetic chart. 

9. Give a short description of a mariner’s compass. How does it differ 
from a land compass ? 

10. Explain how you would use a simple magnet compass (u) to find a 
north and south line ; {b) to ascertain whether a piece of steel has been 
magnetisfd or not. 


QUESTIONS ON CHAPTER XXII. 

1. Explain the terms sphere,^ great circle^ celestial sphere^ zenith^ hmizofi, 

2. Show by means of a figure what is meant by the altitude and azimuth 
of a star. 

3. Explain the use of the terms declinaiion and right ascension. 

4. Give an account of the construction and use of the sun-dial. 

5. What is the shape of the earth? How has it been found that it is 
somewhat flattened at the poles? 

6. WTiat is meant by the culmhiaiion of a heavenly body? When does 
this occur? 

7. Explain the mode of indicating the position of a place on the earth ’t 
surface. What places have their noon at the same time ? Under wha 
circumstance is a day gained in going round the world ? 

8. When it is noon at London what is the t‘me (i) at New York, long. 

73 ° 55 ' 1 Constantinople, long. 29® E ? 

Ans. 7 h. 4 m. a m. at New York ; i h. 56 m, p.m at Constantinople. 

9- Define the term meridian. How would you find the meridian ? 

10 . Describe the apparent diurnal motion of the heavenly bod^s. 

11. State two proofs of the earth’s rotation on an axis. How do you 
know the direction of this rotation ? 

12. Give an account of the daily apparent movements of the stars to an 
observer at the emiator. 

13. Describe tbe sun’s apparent eastward motion among the stars, and 
show by a dia^am that a real motion of the earth in the opposite direction 
vfill explain tliis phenomenon. 

14. What is the e\ddence in favour of the annual revolution of the 
earth? W^hen is the earth’s velocity in its orbit greatest? 

1 5. What is the shape and size of the earth’s orbit ? Explain the terms 
perihelion and aphelion. 
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i 6 . How are the planes of the earth’s orbit, of the ecliptic and of the 
equator related to each other ? 

17* State Kepler’s laws, and erfain the first and third- 

18. Give an account of the different kinds of day spoken of in astro- 
nomy. Why does the tnie solar day vary' in length ? 

19. Give an account of the yearly changes in the position of the stars as 
seen at midnight. 

20. How does the shadow of a vertical stick indicate the midday altitude 
of the sun ? When is this shadow shortest, and vdth what line does it then 
coincide ? 

21. What are the causes of the seasons ? What effect Would be produced 
on the seasons were the earth’s axis to be perpendicular to the plane of its 
orbit or to lie in it? 

22. “ Within the Arctic circle at the summer solstice we can see the 
midnight sun due north, but at the winter solstice we do not see the sun 
even at noon.” Explain this, illustrating by means of diagrams. 

23. When are the days and nights equal in all parts of the world, and 
why are they not always equal in all parts? \Vhere are ibey always 
equal ? 

24. Give the length of the longest day at the poh\ in latitude 75°, 50°, 
30°, and at the equator. 

25. Draw a diagram to show the apparent altitude of the sun as seen 
from London at midsummer and midwinter. (Figs. 275 and 276 may be 
used, a point between the Arctic Circle and the Tropic of Cancer being 
taken for London. A line from the centre of the earth through the position 
of the obseiwer will give the direction of the zenith.) 

26. Explain fully why it is hotter in summer than in winter. 

27. What yearly changes are there in the appearances of the stars, and 
how are they accounted for ? 

28. How often is the sun vertically overhead for a place within the 
tropics, and on what dates for a place on the equator ? 

29. What decides the length of the year exactly, and what decides how 
many whole days there are in it ? 

30. Describe the daily path of the sun as seen by an observ'er at the pole 
during a year. 

31. Give some account of the distribution of the sun’s light and heat on 
different parts of the earth. 

32. Why do the stars rise a little earlier on each succeeding evening? 

33. What produces the difference between a solar and a sidereal day ? 

34. “The sun keeps describing a larger and larger arc in the sky as 
spring advances.” Account for this. 

35. Explain the following The constant parallelism of the earth’s 

axis ; sol^ice; torrid zone ; mean solar time ; ecliptic ; azimuth ; Foucault’s 
pendulum experiment. , , r j 

36. Carefully describe the gradual change in the length of day and 
night in the Temperate Zones. 

37. What difference would be seen in (i) the daily path of the sun, 

{2) the daily path of the stars, by an observer in the south of England, and 
by an observer in the north of Scotland ? . ^ 

38. How would you recognise the eastward motion of the sun m the 

ecliptic? , .r 1.) 

39 What would be the effect on the seasons {a) if the earth s axis were 
inclined at an angle of 45° to the ecUptic ; (i) if the earth’s axis were 
perpendicular to the ecliptic ? 
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40. Explain what is meant by the aberration of light. How does it 
affect the position of a star ? 

41. By means of a gnomon, or vertical pillar, how could you find [a) the 
north and south line, {b) the date of the solstices? 

42. Show why a sidereal day is shorter than a solar day. What is a 
7 ii:an solar day? When is the true solar day longest? 

43. Explain the terms declination and right ascension. What causes 
the variation in the sun’s decUnation during the year, and what is the 
remit of this variation ? 

44. How may the shape of the earth’s orbit be determined? 

45. Show by a diagram the variation in the declination and amplitude 
of the sun {a) at the equator, (/;) in latitude 45° N. ^ 

46. Where and when can the sun be seen at midnight ? In what part 
of the sky is it then visible ? 

47. What is meant by {a) the aberration orbit of a star ? [b) the annual 
parallax of a star ? What do these phenomena prove ? 

48. Why do the seasons differ in length? 

49. What is “ Greenwich mean time,” and how is it found? 

50. Tell briefly how you would find (rz) the position of the pole star ; 
(^) the position of the celestial equator ; [c] the time of the earth’s rotation. 

51. Briefly explain («) why the sun never reaches the zenith in any 
part of the British Isles ; [b] why it is warmest in the British Isles when 
the earth is farthest from the sun ; (c) why the hottest part of the year in 
the British Isles is usually about the end of July. 

52. Write down (a) how many times the earth rotates in a year, {b) the 
altitude and zenith distance of the pole star at London, [c) a mode of 
finding the shape of the earth’s annual orbit. 


QUESTIONS ON CHAPTER XXIII. 

1 . Give a short account of the physical condition of the sun. 

2. Describe the orbital motion of the moon. Distinguish between the 
different kinds of month. 

3. What do you know of the physical condition of the moon ? 

4. With the aid of a drawing give some account of the phases of the 
moon. 

5. When does an eclipse of the moon occur? When is a lunar eclipse 
total ? 

6. State the conditions under which the sun is eclipsed. Where is such 
an eJipse visible? 

7. What is an annular eclipse of the sun ? Explain when it may 
happen ? Wh}^ is there never an annular eclipse of the moon ? 

8. How is the exact size of the earth found? 

9. In what way can the density or specific gravity of the earth be 
found? 

10. How can the? distance of the sun be found by observation of the 
eclipses of Jupiter’s satellites ? 

11. Explain the meaning of the term Give illustrations. 

I ?. How can the distance and the size of the moon be determined ? 



EXAMINATION PAPERS. 

First Stag’s, or Elementary Examination. 

yi?u are po^iitted to' answer six questions. Of ihese.^ two must he taken 
from each series. 


1897. May. 

Series I. 

1. (^) A flask is taken, phosphorus put at the bottom of it, -a cork 

inserted, and the whole weighed. The cork is then removed 
from the flask, the phosiDhorus set fire to, the cork rapidly 
replaced, and the whole apparatus weighed again. What will 
be the result of this second weighing as compared with the 
first ? State the reason of this. 

(h) State exactly what goes on inside the flask. 

(4 Wliy does the phosphorus soon cease to burn ? 

What shall we find in the flask upon opening it ? {20) 

2. A brass button, when rubbed on a .school-form, becomes hot. 

(a) What is the source of this heat ? 

The button is placed on a table, and in a few minutes it becomes cool. 
[h] What has become of the heat ? (20) 

3. What is a prism? Give a diagram showing the course of a ray of 

’hite light through one made of glass. Which colour is refracted most, 
nd which least ? (20) 

4. What is tlie composition of water? How would you prepare water 

mthetically ? Describe the apparatus usually employed. (20) 


Series II. 

5. State what happens to the column of mercury — 

(a)*When a barometer is taken down a mine, giving the reason of 
any change that takes place. 

(h) When a thermometer is taken down a mine, giving the reason 
of any change that takes place. (15) 

6. (nr) Why do the lower parts of the ocean never get warm ? 

(h) Why is the surface-water of the ocean sometimes sal ter Ilian that 
below ? 

{c) ^^Tly is ocean-water near land sometimes less salt than that far 
away? 

(n?) Why are warm currents, like the Gulf Stream, confined to the 
surface of the ocean ? ^ ^ ^ (15) 

7. Give examples of four kinds of limestone, each of which is built up 

2 E 
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of a different kind of organism, and state the nature of the organkm in 
each case. , . 

8. (a) How has it been proved that glaciers move ? r i • :> 

\b) What do you know concerning the retie of movement of glaciers r 

Series III. 

9. What causes an eclipse of the sun ? How many different kinds are 
there? Give the reasons for each. 

10. Explain what is meant by the “ local time ” of a place, say LondorL. 

Why should the “ local times ” of Liverpool and Berlin at any one moment 
differ? , , (^ 5 ) 

1 1. What is the form ” of the earth? Do degrees of latitude measured 

in miles on the earth’s surface vary? If so, state why. (iS) 

12. State the most important property of a loadstone. Desenbe a 

simple instrument that is based on it, and state its use. (15) 

1897. June (Day Examination). 

Yoit are permitted to anmer six questions. Of ihese^ not less than two 
or more than three must he taken from the first scries. The rest must he 
taken from the second scries. 


Series L 

1. You are given a flask with a narrow neck, a balance to which this 

can be attached for weighing, and two bottles containing respectively rain- 
water and sea- water. How would you proceed to determine the specific 
gravity of the sea-water ? (20) 

2. (a) Take a piece of chalk and heat it for some time in a Bunsen 

burner. 

{h) Pour a few drops of water on the fragment. 

{c) Throw the fragment into a bottle of water, and shake for some 
time. 

(d) Take a tube and blow through the water in the bottle. 

State and explain what occurs during each of these operations. (20) 

3. State some properties of {a) oxygen, {h) nitrogen. What elements 

compose (r) iron oxide, {d) silica ? (20) 

4. How do we know that the earth is a magnet ? At what place on the 

earth’s surface is the dip zero ” ? {20) 

Series II. 

5. Explain the changes which take place in the composition of the 

atmosphere — • 

(a) When plants are growing in it in bright sunshine ; 

(h) When dead plants are undergoing decay in it. {15) 

6. Explain the mode of formation of springs. How does the water of 

springs differ in composition from rain-water, and what is the cause of the 
difference? (15) 

7. Why are deltas usually formed in tideless seas ? If a boring were 

made in a delta w'hat kind of materials would be passed through ? (15) 

8. What is the chemical composition of coal ? State how ordinary coal 

differs in composition from (i) wood; (2) anthracite. What is the nature 
of spore coals ? (15) 
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9. What is meant ley the plane of the ecliptic and the plane of the 

equator? How do they lie with respect to one another ? (15) 

10. State Kepler’s laws, and apply them to the earth. ( 15 ) 

11. S.tate fully (yne method by which “longitude” may be deter- 
mined. (15) 

12. What is the cause of an eclipse of the moon? Why can a lunar 

eclipse be more generally observed over the earth’s surface than a solar 
one? (15) 


1898. May. 

Yoli are ppermitlfd to ansiver six questio^ts. Of these ^ two mtist be taken 
from each seizes. 


Series I. 

1. I take 2 ounces of lead and 2 ounces of water, place them in the same 

beaker, and heat the beaker over a Bunsen flame. I then take two other 
beakers, each containing 2 ounces of cold water, and add the hot lead to 
the one and the hot water to the other. After stirring, I note the tempera- 
ture in each case with a thermometer. State (^) how the thermometer 
readings differ, and {b) the cause of this difference. (20) 

2. I throw a fragment of sodium of about the size of a pea into a vessel 
of water. 

{a) Describe the phenomena exhibited. 

{b) Explain the causes of these phenomena, (20) 

3. What are the properties of hydrogen and carbon-dioxide ? Describe 

a method of preparing the latter gas, (20) 

4. State the chief differences in the properties of water in solid, liquid, 

and gaseous states. Under what conditions are these several states assumed 
by water ? (20) 


Series TI. 

5. If I take a barometer-tube, tlie internal sectional area of which is 
one-fourth of a square inch, calculate, from the known pressure of tlie 
atmosphere, the weight of mercury which would be supported in the tube. 
When the mercury stands at the height of 30 inches in the barometer, what 
is the weight of oir pressing on an acre of ground ? 

(There are 5280 feet in a mile [Imear] and 640 acres to the square 
mile.) (15) 

6. I take a bottle which, when exactly filled, contains i lb. of clean rain- 

water. y I fill the same bottle with sea-water, what difference of weight 
shall I find ? I pour out these quantities of rain- and sea-water respectively 
into two dishes, which I place in an oven till all the water is driven off. 
State what I shall find left in each of the two dishes. . (15) 

7. [a) \Vhat is an iceberg ? 

{b) How do you suppose icebergs to have been formed ? 

(e) Why do icebergs float with part of their mass above the sea ? 

Wkat is the proportion of the part above the water to that 
below? (^5) 

8. Explain the difference in structure between — 
f {a) A conglomerate, and 
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{b) A breccia ; 

(r) A volcanic scoria ; and 

{d) A piece of pumice. (^ 5 ) 


Series III. 

9. Explain the apparent constancy of the altitude of the pole star 
for any one latitude. Why do some stars never set in the latitude of 

London ? , i- w ^ 

10. Describe a sun-dial and state its use. 'Why does sim-dial-time diner 

from clock-time ? 

11. Name three methods which prove that the earth rotates on its axis, 

and fully describe two of the methods? ^^^1! j 

12. What is meant by the magnetic “dip”? State the method 

employed to determine it, Where on the eartVs surface is the dip 
greatest? . (^ 5 ) 


1898. June. 

You are permitted to a^iswer six questions. Of these, two must be takm 
from each series. 

Series I. 

1. Put a pound of water into a beaker. Boil this water, and introduce 
into it an ounce of ice. Explain the changes that take place — 

(/7) In the water, 

{b) In the ice. 

If I introduce into a pound of water at boiling temperature two pounds 
of ice, explain — 

(c) What ndll happen, 

(d) The reason of this. (20) 

2. Pour about three ounces of water upon half a pound of quicklime. 

Describe and explain the phenomena observed. (20) 

3. Explain the difference between a mechanical mixture and a chemical 

compound Give an illustration of each. (20) 

4. Describe the Mariner’s Compass. How can we determine the true 

north and south points by its means ? (20) 


Series II. 

5. Cover the bottom of a shallow dish with lime-water. Oikthis float 
a watch-glass containing a small quantity of spirits of wine. Set fire to the 
spirits of wine, and cover the whole with a bell-jar. 

{a) State the phenomena observed. 

(b) Explain the reason of each of these phenomena. (15) 

6. I take a Florence flask and put into it some particles of red colouring 

matter (cochineal). I now place under the flask a lighted spirit-lamp. 
Show, by means of a diagram, the nature of the movements that take place 
in the Tymter. How is it that the whole body of the water in the ocean is 
not warmed by the sun in the same way as the water is wanned in the 
flask? (15) 
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7. {a) Where do the stones on the surface of a glacier come from ? 

(b) How are they arranged* on the surface of the glacier? 

{c) What effects have these stones on the ice upon which they lie 
with respect to its melting ? 

{d) What becomes of the stones at the end of the glacier ? (15) 

8. What chemical compounds are present in — 

(a) Quartzose Sandstone, 

(b) Felspar, 

((t) Limestone, 


Rock Salt ? (IS) 

Series III. 

9. Define the terms alliiiuie^ amnuih^ zenith distance^ and north plar 

'{stance. Draw a diagram in which these co-ordinates are clearly 
idicated. (15) 

10. What is the shape of tlie earth’s orbit ? How has this been deter- 

lined ? Explain briefly one method. (15) 

11. Explain fully why it is hotter in summer than in winter, and state 

le connexion between the sim’s altitude at noon and its rising and setting 
laces. (15) 

12. Explain the relationship between longitude and time. Describe 

illy one method of determining longitude. {15) 


1899. May. 

You are permitted to answer six questions. Of these^ tivo must he iakm 
vm each series. 

Series I. 

1 . A piece of metal is placed in a balance and found to weigh 238 
oins. When immersed in water the weight of the same piece of metal 
reduced to 223 grains. State — 

{a) The cause of the difference of weight. 

(^) What the difference of weight represents. 

(c) The specific gravity of the metal, 

(d) The specific gravity of the water. (20) 

2. A roll of copper-^uze, weighing fifty grains, is placed in a glass 
be and heated whde an is being drawn through it. Explain the folTow- 
g phenomena : — 

(a) The copper turns black. 

(h) On being weighed, its weight is found to be increased. 

And sftite — 

(c) Where the matter, which causes the increase of weight, comes 

from. 

(d) What is the nature and composition of the black material. (20) 

3. Explain what is meant by the parallelogram of forc^. (20) 

4. Describe an experiment by which the laws of attraction and repulsion 

magnets can be easily demonstrated. (20) 

Series II. 

5. (a) What is the object of having a bulb on a thermometer tube ? 

Why is mercury generally used as the fluid in a thermometer ? 
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{<:) State one cause which prevents tlie indications of the thermometer 
from being absolutely accurate. (15) 

6. [a) State one method by which you can determine the specific gravity 

of sea-water. 

[If) How can you obtain the materials held in suspension in sea- 
water ? 

[c) How can you obtain the materials held in solution in sea- 
water? (15) 

7. Describe and state the mode of formation of the following — 

{a) A medial moraine. 

{if) A glacier-table. 

(^r) A glacier-mill moulin.”) (15; 

8. State the causes of the following phenomena exhibited in a volcanic 
eruption : — 

{a) The red glow seen above the mountain. 

{b) The dust which falls over the surrounding country. 

{c) The streams of mud which flow down the mountain. {15) 


Series III. 

9. Explain fully the experimental proof of the rotation of the earth by 
means of the observation of the movement of Foucault’s pendulum. (15) 

10. Describe, with diagrams, the appearance of the moon in her orbit 

round the earth as seen from the earth. Why is it that we always see only 
the same side of her surface ? (15) 

1 1. What is meant by a parallel of latitude ? Describe how the length 

in miles of a degree of latitude varies between the equator and the pole. 
Draw a diagram to illustrate this variation. {15) 

12. Describe the behaviour of a magnetic needle mounted on a hori- 
zontal axis in the neighbourhood of London. Slate what would happen 
if it were carried — 

(dr) Towards the equator, 

[b] Towards the north pole. (15) 


1899. June. 

You are permitted to ansjoer six questions. Of these, two must be iahm 
from each series. 


Series I. 

• 

I. Draw a parallelogram to illustrate the action of two forces represented 
by the numbers 3 and 4 acting on a body in directions at right angfe to one 
another, and show what the resultant force will be. {20) 

^ ^ flj^k, put into it a piece of zinc, and pour over the zinc some 

dilute acid , I then close the mouth of the flask with a pierced cork in 
which a piece of glass tubing has been inserted. Explain what happens if I 
bring a lighted taper near the end of the glass tubing, and then hold a cold 
tumbler over it. /2 q) 

3* What is meant by the specific gravity of a liquid? How would 
you determine the specific gravity of spirits of wine ? (20) 

4. Define the meaning of “ uniform linear ^notionf 
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State whether the following examples represent such a motion, and if 
not, stale why — 

{d) A cannon ball shot vertically into the air. 

\b) A ship sailing in still water in one direction under constant 
wind pressure. 

{c) A train descending an incline without the use of the brake. 

(20) 

Series IL 

5. After a heavy fall of rain, 6 cubic inches of water were found in a rain- 

gauge. The area of the funnel* of the gauge was 24 square inches. State 
what was the rainfall represented by the water collected. (15) 

6. How does the water of a river differ from that collected in a rain-water 

butt? What is the cause of the difference ? ^ ^ (15)^ 

7. {a) What is pumice ? {b') How does it differ from common volcanic 

Bcorite or cinders? (c) Why does pumice float in water ? (15) 

8. Draw sections showing the relations of a coral reef to the land in — 

(rt) A fringing reef, 

(«5) A barrier reef, 

(tr) An encircling reef. (15) 

Series III. 

9. WTiat does Foucault^s penduliun experiment teach us ? Describe the 

main points of the apparatus he employed. (15) 

10. What deductions can be marie from observing throughout the year 

the positions and lengths of the shadow (cast by the sun) of a vertical stick 
placed on a horizontal stand ? ^ ^ (IS) 

11. Describe the method of determining the distance of the sun by 

means of observ^ations of Jupiter’s satellites, and give numbers. (15) 

12. Describe generally the magnetic state of the earth. How would 

you prove that in Britain a magnetic needle mounted on a vertical pin does 
not point to the true north? (15) 


Elementary Stage, 1900. 

Instructions. 

You are permitted to answer six questions. Of these, two must be 
taken from each Series, 


^ Series I. 

1. I take two equal flasks, the mouths of which are fitted with bored 
corks carrying long glass tubes, and fill one with water coloured blue, and 
the other with methylated spirits coloured red ; I then plunge them both 
into boiling water. Explain what will take place, giving reasons. (20) 

2. How can you show that gunpowder is a mechanical mixture of three 

different substances ? , « -r-. -v 

3. What is meant by the “ mass” of a substance t Describe an ex- 
periment to prove that equal volumes of different substances have diflerent 

masses, . v'*^/ 

4. Define ‘‘work.” Give on illustration to show how a faHing body 

can do work. 
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Series II. 

5. Why is it necessary to correct the readings of a barometer — 

(^7) for temperature j 

{b) for the height of the place above the sea-level ? (15) 

6- How can the amount of material in solution, carried down by a 
river in a year, be determined ? (15) 

7. On July 6, 1S80, an ice-axe was dropped downi the crevasse of 
a glacier; on November 15, 1883, this ice-axe made its appearance at 
the end of the glacier. Measured along the central line of the glacier, the 
distance of the place where the axe was found from where it was lost was V, 
438 yards. What inferences would you draw from these facts? {15) 

8. W^hat is the cause of the intennittent action of geysers ? How is it 

that objects thrown down tlie tube of a geyser will sometimes give rise to an 
emption ? (15) 


SeR[ES III. 

9. Explain generally the cause of an eclipse of the sun. How many 


kinds of solar eclipses are possible? (15) 

10. Describe fully otie method of determining the mean density of the 

earth. (15) 

11. Describe the apparent motion of the stars due to — 

{a) the rotation of the earth ; ' 

(b) the revolution of the earth. (IS) 

12. State the special properties of the “ lodestone.’’ pescribe and 
state the use of an instrument based on one of these properties. {15) 


Elementary Stage, igoi. 

Instructions. 

You are permitted to answer six questions, Of these, two must be 
taken from each Senes. 


Series I. 

21. You are given a bottle of distilled water, and a bottle of mercury, 

also a small flask, and a balance with weights. Explain how you would 
determine the relative densities of water and mercury. *(20) 

22. Describe an experiment by which you can prove that iron during 

the process of rusting becomes combined with other matter. What is 
that other matter, and where does it come from ? (20) 

23. Take a uniform bar four feet long and support it at its centre. 
Suspend a weight of two pounds at a distance of 18 inches from one 
end. What weight must be suspended at the other end to balance the bar ? 

(20) 

24. State the composition of water. Give the various forms that it 

assumes at different temperatures, and state the degrees, Falirenheit or 
Centigrade, at which the changes occur. {20) 
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Series II. 

25. Make drawings of a siphon barometer and a cistern-barometer, 

jcplain in each case how the readings are taken. (15) 

26. Why is sea-water heavier than fresh water ? How can fresh water 

obtained from sea- water ? (15) 

27. What are Javas? Of what materials are they composed? Why 

e their surfaces covered with what look like cinders ? (15) 

28. Explain the reason why a common sounding-lead cannot be 

iployed in determining the depth of the great oceans. (15) 


Series 111 . 

29. How is it that at noon the sun-dial does not always mark 12 

dock? ^ _ (15) 

30. Describe the change in the apparent positions of the pole-star as 
observer moves -from the equator to the north pole. How does the 

inge of positions help ils to determine the size of the earth ? (15) 

31. State tlie use of a magnetic needle mounted on a vertical support, 

ow how the laws of magnetic attraction and repulsion can be demon* 
ated with the help of a bar-magnet. (15) 

32. With the aid of a small metal disc and the knowledge of the distance 

the sun, show how a rough determination of the sun’s diameter may be 
de. (IS) 


Elementary Stage, 1904. 


Series I. 

21. Pour equal quantities of water into two beakers. Then take equal 
ights of iron-filings and of water, put them into a third beaker, and heat 
:r a spirit-lamp. Now pour the hot water from the third beaker into 
: of the beakers of cold water, and the hot iron-filings info the other, 
: both, and test tlie temperatures with a thermometer. State and explain 
results you will obtain. (See par. 74.) 

22. Three beakers, containiiig respectively filtered rain-water, spring- 
.er, and sea-water, are placed in an oven till they become quite dty. 
te and explain what you will find in the beaker in each case. ( Rain- 
er collected in the open country is pure water ; spring- water and mineral- 
er contain matter in solution, (See pars. 98, 186, 234.) 

23. Enumerate some of the properties of (^) hydrogen, (^) nitrogen, 
at are the elements which compose (c) ammonia, (^) water? (See 
-pter X. The chemical formula for ammonia is NH3, and of water 
X) 

24. Define “ energy.” Name and give examples of two fonns of energy. 
2 pars. 50, 51, 52.) 

Series II. 

25. Describe an ordinary rain-gauge, and state clearly the data required 
alculating the rainfall in inches, (See par. 215.) 
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26. Explain the influence of refraction upon the apparent position of the 
sun at sunrise and sunset respectively. (See pars. 86, 295 •) 

27. Describe the apparatus used in determining the depth of the deeper 
part of the ocean, and in obtaining samples of the bottom. (See par. 190,) 

28. State what vou know concerning the distribution of temperature in 
the earth’s crust. ■ (See par. 143.) 


Series III. 

29. How is angular space measured? State how the position of 
a place on the earth’s surface is defined by such measures. (See pars. 13 
and 266.) 

30. What deductions can be made by noting throughout a yeaf the 
different lengths and positions of the shadow of a rod placed vertically 
in the ground? (See par. 283,) 

31. Describe fully the cause of a total eclipse of the sun. Give reasons 
for the different kinds of solar eclipses that occur. (See par. 291.) 

32. How has it been detennined that the earth is a magnet ? State 
a method of finding where the earth’s magnetic poles are situated. (See 
pars. 257, 258.) 
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AB^ 

Arerration of light, 275 
Acceleration, 28, 29 
Acids, 108 

Air, 100, loi, no; composition 
of, 100; pressure of, 167, 
169 ; temperature of, 179 ; 
\vei{»ht of, 166 
Alkaks, 108 
Altitude, 262 
Amplitude, 263 
Angular measurement, 13 ; 
use of in astronomy, 262 ; 
velocity, 37 

Antarctic icebergs, 208; ocean, 
307 

Anti-cyclone, 184 
Aphelion, 377 
Aqueous rocl^ t a8, 131 
Archimedes, principle of, ai 
Arctic ocean, 20a 
Aries, first point of, 26a 
Artesian wells, 233 
Astronomical day, 279 
Atolls, 134 
Atoms, 91 

Atmosphere, 163 ; action of, 
246 ; composition of, 100 ; 
density and pressure of, 
at different heights, 173 ; 
height of, 165 ; pressure of, 
i6y : water-vapour of, 164 
Augite, lai 
Avalanches, ^139 
Aiimuth, 36a 


Balancing columns, 24 
Barometer, 169 ; advantages 
of mercury for, 171 ; aneroid, 
170; construction of, 169; 
corrections of, 178; gly- 
cerine, 171 ; height of, 169 ; 
water, 171 ; siphon, 170. 
Barometric pressure, vwia- 
tions of, 174 ; variations, 
relations of, to the state of 
weather, 177 


CON 

Barrier reels, 134 

Basalt, 138, 139 

Basw, loQ 

Basis rocks, 138 

Black-bulb thermometer, 68 

Blizzard, 184 

Body, r 

Boiling, 77 ; point, 78 
Boulder, 244 
Boyle's law, 173 
Brine springs, 234 


Calcareous springs, 334 
Caldte, 122 

Calms of Cancer, 184; of 
Capricorn, 184 
Canon, 226 

Carbon, 104 ; dioxide, 105, 
106 


Cardinal points, 259, 269 
Caverns, limestone, 157 
Celestial equator, 261, 262; 
poles, 262 ; globe, 295 ; 
sphere, 261 

Centre of gravity, 46, 47 
Centrifugal force, 36 
Centripetal force, 39 
Chalk, 133, 137 
-Charcoal, 104 
Chemical symbols, gt 
Circle, great and snmll, 261 
Circular motion, 36 
Circumpolar stars, 261, 272 
Clay, 1312 
Clouds, ai3 
Coal, 135, 136 
Cohesion, 4 
Colomr, 88, 89 
CombuBlion, 9^ 

Compass, manner’s, 259 
Complementary colours, Bga 
Compounds, go, loa 
Condensation, aio, 216 
Conduction, 70 
Conglomerate, 132 
Contours, 247 


EAR 

Convection, 71 
Coral, 134 
Crust of earth, 113 
Crater, 152 
Crevasses, 340 
Crystalline rocks, 130 
Culmination, 262 
Cumulus, 213 
Currents, 198 -201a 
Cyclone, 184 


Dalamitb, T33, 1^ 

Day, longest at different lati- 
tudes, 285 

Day and ^ ni^ht, length of, 
285 ; variations in length of, 
285 ^ 

Days, different kinds of, 379 
Declination, 362 
Deep sea temperatures, 194 
Deltas, 229 

Density, 34; of earth, 143; 

of gases, 172 
Denudarion, 222, 346 
Deposits on sea floor, 197 
Dew, 3TI 
Diamond, 104, 117 
Diatom ooze, T97 
Diatoms, 187, 197^ 
Differential air thermometer, 
63 

DioritOj 138 
Divisibility, 2 
Doldrums, 184 
Dolomite, 123 
Dormant volcano, 145 
Dyke, 138, 246 


Earth, n magnet, 357; 
annual motion round sun, 
285 ; axis of, 265 ; a sphere, 
265 density of, 143, 292 ; 
interior of, internal 

temperature of, 143 ; primi- 
tive conditions of, 36 ; 
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EAR 

revel urion of, 374, 275 ; ro- 
tation of, 271 ; siie and 
s^pe of, 365, 292 ; sun 
views of, 3^6 

Earthquakes^ 156 ; causes of, 
158 ; distribution of, 157 ; 
effects of, 159 
Eclipses, 391 

Ecliptic, 262, 280 ; obliquity 
of, 380, 283 
Electrical energy, 55 
Elements, go, 93 
Elevation of land, 160 
En^gy, 50 ; chemical, 56 ; 
kinds of, 50; tia^ference of, 
53 ; transformations of, 57*1 
Equator, 366 ; plane of, aSo 
Equinoxes, 280, 283 
Equilibrium, 48 ; kinds of, 48 
Ether, ^7, 72 
Evaporation, 60, 209 
Expansion, 69 ; of gases, 62 ; 

of liquids, 61 ; of solids, 60 
Extension, i 
Extinct volcano, 145 

Felspar, 114, 117, 118 
Filtration, 2 
Fixed stars, 261 
Flint, 113 
Floating bodlesj ao 
Floes, 203 
Fluid, 3 
Fog, 212 
Foliation, 141 
Force, 31 

Forces, parallelograra of, 33 ; 

resolution of, 34 
Foucault's pendulum experi- 
ment, 271 
Friction, 45£e 
Fringing reefs, 134 
Frost, action of, 224 
Fumeroles, 155 
Fusion, 75 


Gabdro, 138, 14a 
Gas, 3 

Gey^rs, 137, 238 
Glacier-mills, 243 ; table, 248 ; 
waters, 243 

Glaciers, aw ; ancient, 244 ; 
erosion ot rocks by, 242 ; 
motion of, 240 ; size of, 340 
Glacierej^ 245 
Globigerinse, 133, 187, 197 
Gnei^, 141 
Granite, 1x4, 138, 140 
Great b^r, 361, 370 
Great circle, 271 
Gram, 8 
Graphite, 134 
Gravitation, 5, 14 
Gravity, 14 ; centre of, 46, 47 
Gulf stream, 199 
Gypsum, 117, 134, 137 


MAG 

Hachures, 347 
Hardness, 117; scale of, T17 
Heat, 58 ; a form of energ>% 54; 

effects of, 59 ; quantity of, 73 - 
Horizon, 361 
Horizontal, 5 
Hornblende, 121 
Hurricanes, 184 
Hydrogen, 96, 97 
Hygrometer, 164 


Ice, 69 
Iceberg, 206 
Ice-blink, 203 
Ice-field, 303 
Ice-foot, 204 
Iceland spar, 122 
Igneous rocks, 128, 138 
Images, 85 ; through small 
apertures j 81 
Impenetrability, i 
Inclined plane, 44 
Inertiaj 30 

Intermittent springs, 236 
Iron, 110 
Isobars, 176 
Isoclinic lines, 256 
Isogonic lines, 356 
Isotherms, 181 


Jupiter, 293 ; satellites of, 
293 


Kaolik, 118 
Kepler's laws, 377 
Kinetic energy, ji 
ICrakatoa, eruption of, 148 
Kuro-Siwo, 200 


Lacustrine delta, 229 

Lamination, 141 

Land breezes, 183 

Laud <»mpass, 259 

Landslips, 237 

Lapilla, 148 

I^tOTt heat, 75, 79 

Latitude, 266 

Lava, 139; streams, 149 

Lever, 40 ; three classes of, 

41 

Light, 80 ; anaU^is of, 88 ; 
d^ispersion of, 87 ; propaga- 
tion of, 81 ; refraction of, 
86 ; reflexion of, 83 
Lime, 107 ; stone, 107, 131, 
^33i 137 I water, 107 
Liquid, 3 
Lodestone, 248 
Longitude, z 66 
Longitudinal valleys, 227 

Machines, w 

Magnets, 248 ; poles of, 349 ; 
strength of, 251 


PAR 



355 ; dip, 356 ; field, 253 ; 
induction, 353 ; meridian, 
255 ; needle, 250 ; north, 


Mara 247 
Marble, 122 
Mariner's compass, 259 
Mass, 17 

Matter, i, 2 ; three states of, 
3 ; change of state, 3 ; in- 
destructibility of, 6 
Mean solar day, 279 
Mean temperatures, 180 
Measurement, 7 
Mercu^^ in 

Meridian, how to find, 269 
Metamorphic rocks, rag, 141 
Metre, 8 

Metric system, 8, 9 ; advan- 
ces of, II 
Mica, 114, 120 
Mineral, 1 14. 115 
Minerals, chief, 116 ; identifi- 
cation of, 1 17 
Mineral springs, 334 
Minimum thermometer, 66 
Mist, 213 
Mixtures, 102 
Molecules, 2, 91 
Monsoons, 184 
Months, kinds of, 290 
Moon, 290 ; distance and di- 
mensions of, 294 ; eclipses 
of, 291 ; phases of, 390 
Moraines, 341 

Motion, 25 ; first law of, ; 
second law of, 32 ; third 
law of, 35 ; circular, 36 
Moulins, 243 


Nadir, 261 

Newton’s colour disc, 88 j 
Ia\vs of motion, 30, 32, 35 
N6v6, 339 
Niagara Falls, 226 
Night and day, length of, 283 
Nimbus, 213 
Nitrogen, tooa 
North and south line, 260 

Obliq^uitv of ecljptic, aSo 
Obsidian, 138, 139 
Ocean See Sea 
Ocean currents, X98-301 
Oozes, 197 

Orbit of earth, 276, 278 
Ores, 126 
Organic rocks* 133 
Oxidation, 95 
Oxides, 95 
Oxygen, 93, 94 


Pack ice, 203 
Parallax, 275, 294 
Parallel forces, 38 



Index, 
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PAR 

logram of forces, 33 
35, 136 
am., 12 
1 blocks, 344 
ion, 27^ 

,ag springs, 137 
.1 changes, 103 
efined, 261 
c rocks, 140 
istance, 363 
ur, 261, 370 
'magnet, 349 
2 

a.1 energy, 52 
s, 236 
43 

, 139, 148 


2 , 113, II 4 , 117 , II 9 

•te, 141 


riON, 73, 80 
t ener^, 57, 73, 80 
iria, 187, 

214 ; action of, 224 ; 
bution of, 216 
il, causes of, 216 
luge, 215 
seasons, 217 
beaches, 161 
ion, 191 
ion oflight, 83 
tion of light, 86, 295 
tion of earth, 273 
te, 138, 139 
iscension, 262 
work of, 225, 246 
erraces, 228 
fnoutonfteeSf 244 
C14 

Jt, 125, 137 

acid, 138 ; basic, 138 ; 
mediate, 138 
ig mirror, 84 
m of earth, 271 

ikes, 137 
09 

:i 3 

unes, 133 
one, 1 14, 13a 
50 Sen, 199 
141 
148 

5 ; action of, on earth s 
,, 196 ; colour of, 19s ; 


TEM 

depths of, 19 1 ; temperature 
of, 193, 194 
Sea breezes, 183 
Sea ice, 203 
Sea-lcvel, 189 
Seasons, 285, 287 
Sea water, composition of, 
186 ; density of, 188 ; frozen, 
205 ; saltness of, j86, 187 
Shaciows, 82 
Shale, 132, X41 
Sidereal day, 379 
Silica, 112, 116 
Silicates, 112 
Sinter, 137, 238 
Slate, 141 
Snow, 219 
Snowline, 220 
Solar day, 270, 379 
Solfataras, 155 
Solid, 3 

Solidification, 76 
Solstices, 283 

Sp^ific gravity, 18 ; of 
liquids, 19 ; of solids, 20, 

23 

Specific heat, 74 
Sphere, 261 
Springs, 330, 231, 233 
Stalactite, 137 
Stalagmite, 137 
Stars, circumpolar, 261, 272 ; 
daily appearance of, 272; 
yearly changes in appiear- 
an<» of, 373 

Stratified rocks, 128, 13 1 
Striated block, 242 
Submarine spring, 235 
Submerged forests, 162 
Subsidence of land, 16a 
Substance, 1 
Sucker, 167 
Suction-pump, i68 - 
Sun, 289 ; changes in declina- 
tion and right ascension of, 
282 ; distance and dimen- 
sions of, 293 ; diurnal path 
at difierent latitudes, 284; 
eclipses of, 391 j light and 
heat of, 286 ; zemth distance 
of, 286 
Sundial, 264 
Syenite, 140 
Syringe, 167 


Talc, 121 

Temperature, 58 ; depends on 


ZON 

height above sea-level, 182 ; 
horizontal ^ distribution of, 
182 ; of air, 179 ; of sea, 
192, 193 ; relation of, to 
latitude, 181 ; vertical dis- 
tribution of, 182 
Thermal springs, 334 
Thermometer, 64; black bulb. 
68 ; maximum, 66 ; mini- 
mum, 66 ; uses of, 67 
Time, 363 ; measurement of, 
263 

Tornadoes, 184 
Trachyte, 139 
Trade winds, 184 
Travertine, 137 
Tropics, 217, 267 

Unit of time, 12 
Units, 7, 9, 10 

Valleys, 226, 327 
Vapor^tion, 77, to 
V elocity, 35 ; variable, 27 
Vertical, 5 * 

Volcanic ash, 148 ; ashes, 139, 
148 ; blocks, 148 ; bomb, 
148 ; cones, 151 ; dust, 148 ; 
eruption, cause of, 150 ; 
phenomena accompan3fing, 
147 ; products of, 148 ; signs 
of, 146 ; mountains, struc- 
ture of, i5r ; rocks, 138 
Volcano, 145-154 
Volcanoes, errors about, 153 ; 

distribution of, 154 
Voltameter, 99 
Volume, I 

Water, 98, loi, 103 ; analysis 
of* 97-99 ; effect of heat on, 
69 ; synthesis of, 98 ; vapour, 
100, 164 
Watershed, 225 
Weight, 5, 17 
Winds, 183, 184 
Work, 49 


Year, 287 ; different kinds of, 
387 


Zenith. 3 61, 262 
Zenith-aistance, 262 
Zodiac, 380 ; signs of, 280 
Zones of earth, 267 


THE END. 
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